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600°F s c r e e n i n g  t e s t s  h a v e  p r o c e e d e d  i n  t h e  re- 
c i r c u l a t i n g  r i g  w i t h  s e v e r a l  c a n d i d a t e  l u b r i c a n t s ,  a n d  
o i l - m i s t  t e s t i n g  w i t h  Esso 4 0 4 0  (MIL-L-7808E) h a s  b e g u n  
u n d e r  h e a t e d  c o n d i t i o n s .  I n  t h e  r t c i r c u l a t i n g - r i g  t e s t s  
w i t h  n i t r o g e n  b l a n k e t i n g  a t  600°F, Esso 4040 c a u s e d  l u b -  
r i c a t i o n  r e l a t e d  b e a r i n g  f a i l u r e s  w h i l e  S o c o n y  Y o b i l  XRM 
1 7 7 F ,  S i n c l a i r  T u r b o  S 1 0 4 8  ( i m p r o v e d )  a n d  M o n s a n t o  MCS- 
293 ( i n  a i r )  a l l  p e r f o r m e d  s a t i s f a c t o r i l y .  T h e  l a t t e r  
t h r e e  l u b r i c a n t s  w i l l  b e  t e s t e d  a t  h i g h e r  t e m p e r a t u r e .  

- ix- 



SUPERSONIC TRANSPORT L U B R I C A T I O N  SYSTEM INVESTIGATION 

b y  W .  L .  R h o a d s  a n d  L .  B. S i b l e y  

RIB V I n d u s t r i e s ,  I n c .  

I .  INTRODUCTION 

T h i s  i s  t h e  t h i r d  s e m h n n u a l  r e p o r t  u n d e r  NASA C o n t r a c t  
NAS3-6267 a n d  c o v e r s  t h e  w o r k  d o n e  f r o m  November  1 ,  1965, 
t h r o u g h  May 1 ,  1966. 

The  p e r f o r m a n c e  o f  a i r c r a f t  g a s  t u r b i n e  m a i n s h a f t  b a l l  
b e a r i n g s ,  s e a l s ,  a n d  l u b r i c a n t s  u n d e r  s i m u l a t e d  s u p e r s o n i c  ’ 

t r a n s p o r t  e n g i n e  c o n d i t i o n s  (Mach 3 )  i s  b e i n g  s t u d i e d  u s i n g  
t h e  m o s t  a d v a n c e d  m a t e r i a l s ,  d e s i g n s ,  a n d  m a n u f a c t u r i n g  t e c h n i q u e s  
a v a i l a b l e .  B o t h  a n  o i l  c i r c u l a t i n g  s y s t e m  a n d  a o n c e - t h r o u g h  
o i l - m i s t  s y s t e m  a r e  u n d e r  i n v e s t i g a t i o n ,  e a c h  w i t h  i n e r t  g a s  
b l a n k e t i n g  f o r  h i g h - t e m p e r a t u r e  o p e r a t i o n .  F i v e  c a n d i d a t e  l u b r i -  
c a n t s  f o r  e a c h  o f  t h e  two s y s t e m s  a r e  b e i n g  u s e d  i n  s c r e e n i n g  
e v a l u a t i o n s ,  a n d  a 1 0 0 0 - h o u r  e n d u r a n c e  t e s t  w i l l  b e  c o n d u c t e d  
w i t h  t h e  two b e s t  o i l s  i n  e a c h  s y s t e m .  

11. S U M M A R Y  

D u r i n g  t h i s  r e p o r t  p e r i o d ,  t h e  r e c i r c u l a t i n g  r i g  h a s  b e e n  
f u l l y  o p e r a t i o n a f  o n  6 0 0 ° F  s c r e e n i n g  t e s t s ,  d e s p i t e  c o n s i d e r a b l e  
d e l a y s  c a u s e d  by  m a l f u n c t i o n i n g  o f  t h e  o r i g i n a l  e l e c t r i c  d r i v e  
s y s t e m .  To d a t e ,  6 0 0 0 F  s c r e e n i n g  t e s t s  w i t h  r e c i r c u l a t i n g  
l u b r i c a t i o n  h a v e  b e e n  r u n  u s i n g  E s s o  4 0 4 0  (MIL-L-7808E) , M o b i l  
XRM 1 7 7 F ,  S i n c l a i r  T u r b o  S 1 0 4 8  ( I m p r o v e d ) ,  a n d  M o n s a n t o  MCS-293, 
l u b r i c a n t s ,  a l l  u s i n g  a n i t r o g e n  b l a n k e t .  I n  a d d i t i o n ,  t h e  
M o n s a n t o  MCS-293 l u b r i c a n t  was  r u n  i n  a n  a i r  a t m o s p h e r e  a t  600OF.  

d e s i g n  bl-SO s t e e l  b a l l  t e s t  b e a r i n g s  a n d  s e a l s  w i t h  AM350 m e t a l  
b e l l o w s .  S c r e e n i n g  t e s t  r e s u l t s  a r e  s u m m a r i z e d  i n  t h e  
t a b u l a t i o n  g i v e n  i n  E n c l o s u r e  50 o f  t h i s  r e p o r t .  

wei-G d e g t i s s e i l  p.-:-- L A V A  + n  *” ..Pa _ Y 1 .  --- 4 1 1  r e s t s  11sc?d 4 5 9 9 8 1 E  

A l l  a u x i l i a r y  e q u i p m e n t  (mass s p e c t r o m e t e r ,  n i t r o g e n -  
h e l i u m  m i x i n g  s y s t e m ,  s l i p - r i n g s ,  a i r  h e a t e r ,  d r i v e ,  e t c . )  
i s  o p e r a t i o n a l .  A l l  c o r r o s i o n  r e s i s t a n t  c o m p o n e n t s  h a v e  b e e n  
i n s t a l l e d  on  t h e  r e c i r c u l a t i n g  r i g  i n  p r e p a r a t i o n  f o r  f u t u r e  
t e s t i n g  w i t h  D u P o n t  P R - 1 4 3  f l u i d .  A u x i l i a r y  h e a t e r  c o m p o n e n t s  
a r e  o n  h a n d  and  f a b r i c a t i o n  o f  a l l  r e q u i r e d  h e a t e r  p a r t s  i s  
c u r r e n t l y  b e i n g  f i n i s h e d  so  t h a t  t e s t s  a b o v e  6WW°F may b e  
c o n d u c t e d  . 
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T h e  m i s t  r i g  h a s  b e e n  b r o u g h t  t o  t h e  p o i n t  w h e r e  h i g h -  
t e m p e r a t u r e  s c r e e n i n g  t e s t s  w i t h  Esso 4040 l u b r i c a n t  h a v e  
b e g u n  w i t h  a l l  s y s t e m s  o p e r a b l e .  

111. CONCLUSIONS 

I 

1. T h e  f o l l o w i n g  c o n c l u s i o n s  a r e  d r a w n  f o r  r e c i r c u l a t i n g  
l u b t i c a t i o n :  

a .  E s s o  4040  (MIL-L-7808E) o i l  w a s  n o t  f o u n d  s u i t a b l e  
f o r  u s e ,  e v e n  w i t h  n i t r o g e n  b l a n k e t i n g ,  a t  600°F 
s c r e e n i n g  t e s t  c o n d i t i o n s  d u e  t o  l u b r i c a t i o n - r e l a t e d  
b e a r i n g  f a i l u r e s .  

b .  W o b i l  XRM 1 7 7 F  a n d  S i n c l a i r  T u r b o  S 1 0 4 8 ( I m p r o v e d )  
o i l s  were f o u n d  s u i t a b l e  f o r  u s e  u n d e r  600°F s c r e e n i n g  
t e s t  c o n d i t i o n s  w i t h  n i t r o g e n  b l a n k e t i n g  a n d  w i l l  b e  
t e s t e d  a t  t h e  n e x t  h i g h e r  t e m p e r a t u r e  ( 7 0 0 O F ) .  

c .  M o n s a n t o  MCS-293 f l u i d  w a s  f o u n d  s u i t a b l e  f o r  o p e r a t i o n  
u n d e r  6 0 0 0 F  s c r e e n i n g  t e s t  c o n d i t i o n s  w i t h o u t  a n i t r o g e n  
b l a n k e t  ( o p e n  a t m o s p h e r e  b a s e l i n e  t e s t )  a n d  w i l l  b e  t e s t e d  
a t  t h e  n e x t  h i g h e r  t e m p e r a t u r e .  

d .  M o n s a n t o  MCS-293 f l u i d  i n  a n i t r o g e n  b l a n k e t  c a u s e d  
a b e a r i n g  f a i l u r e  i n  t h e  6 0 0 ° F  s c r e e n i n g  t e s t .  It  i s  
t h o u g h t  t h a t  t h i s  f a i l u r e  w a s  t h e  r e s u l t  o f  t h e r m a l  i n s t a -  
b i l i t i e s  n o t  n e c e s s a r i l y  a s s o c i a t e d  w i t h  t h e  f l u i d ' s  
l u b r i c a t i n g  a b i l i t y .  T h e  f l u i d  w i l l  b e  r e - t e s t e d  a t  
h i g h  e r  t e m p  e r a  t u  r e s . 
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e.  T e s t  s e a l s  ( u s i n g  AM350 b e l l o w s  m a t e r i a l  i n  b o t h  
t h e  a i r - s e a l  a n d  o i l - s e a l  p o s i t i o n s )  p e r f o r m e d  a d e q u a t e l y  
u n d e r  600°F s c r e e n i n g  t e s t  c o n d i t i o n s  i f  t h e  p r o p e r  
p r e s s u r e  b a l a n c e  was m a i n t a i n e d .  

2. I n i t i a l  t e s t i n g  on  t h e  mist  r i g  u n d e r  h e a t e d  c o n d i t i o n s  
w i t h  E s s o  4 0 4 0  l u b r i c a n t  ( M I L - L - 7 8 0 8 E )  i n d i c a t e s  t h a t  an o i l -  
m i s t  l u b r i c a t e d  b e a r i n g - s e a l  s y s t e m  may o p e r a t e  w i t h  o n l y  h a l f  
o f  t h e  t o r q u e  a n d  h e a t  g e n e r a t i o n  o f  a c o m p a r a b l e  r e c i r c u l a t i n g  
o i l  l u b r i c a t e d  s y s t e m .  Mist l u b r i c a t e d  t e s t  b e a r i n g s  h a v e  
o p e r a t e d  s a t i s f a c t o r i l y  f o r  s h o r t  p e r i o d s  u n d e r  f u l l  l o a d  a n d  
s p e e d  a t  250-300OF. A u x i l i a r y  h e a t i n g  w i l l  b e  u s e d  i n  f u t u r e  
t e s t i n g  a t  h i g h e r  t e m p e r a t u r e s .  

3. The  r e c i r u l c a t i n g - o i l  r i g  a n d  a l l  a s s o c i a t e d  s y s t e m s  . 
a r e  o p e r a t i n g  c o m p l e t e l y  s a t i s f a c t o r i l y  f o r  6 O O O F  s c r e e n i n g  
t e s t s .  T e s t i n g  a t  h i g h e r  b e a r i n g  t e m p e r a t u r e s ,  w h i l e  m a i n t a i n -  
i n g  500°F o i l - i n  t e m p e r a t u r e ,  r e q u i r e s  a u x i l i a r y  b e a r i n g  h e a t i n g  
s y s t e m s  w h i c h  a r e  c u r r e n t l y  b e i n g  i n s t a l l e d .  

, 
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IV. DETAILS OF PROGRESS 

1 .  B a c k g r o u n d  

I n  g a s  t u r b i n e  e n g i n e s  d e s i g n e d  f o r  u s e  i n  a d v a n c e d  
g e n e r a t i o n s  o f  s u p e r s o n i c  t r a n s p o r t  a i r c r a f t ,  t h e  m a i n s h a f t  
t h r u s t  b e a r i n g s  a n d  t h e  s e a l s  u s e d  t o  c o n t a i n  t h e  l u b r i c a n t  i n  
t h e  b e a r i n g  c h a m b e r  m u s t  b e  c a p a b l e  o f  o p e r a t i n g  a t  600°F a n d  
a b o v e .  S i n c e  l u b r i c a n t  d e g r a d a t i o n  m u s t  b e  m i n i m i z e d  f o r  l o n g -  
term o p e r a t i o n  a t  t h e s e  h i g h  t e m p e r a t u r e s ,  n i t r o g e n  b l a n k e t i n g  
may b e  e m p l o y e d  t o  r e d u c e  o x y g e n  t o  a v e r y  l o w  l e v e l  i n  t h e  
b e a r i n g  a n d  l u b r i c a n t  s y s t e m .  

C o n v e n  t i  o n a l  r e c  i r c u  1 a t  i ng  o i 1 -j e t  l u b r i c a t i o n  o f  t h e  
b e a r i n g  a s  w e l l  a s  m i s t  l u b r i c a t i o n  u s i n g  e i t h e r  n i t r o g e n  o r  a i r  
a s  a c a r r i e r  f o r  t h e  o i l ,  may b e  c o n s i d e r e d  f o r  a d v a n c e d  SST ' 

e n g i n e s .  I n  t h e  l a t t e r  s y s t e m ,  t h e  o i l  i s  n o t  r e c o v e r e d ,  t h u s  
d i s p e n s i n g  w i t h  t h e  n e e d  f o r  o i l  r e c i r c u l a t i o n  h a r d w a r e  a n d  
a l s o  r e l a x i n g  t h e  l o n g - t e r m  t h e r m a l  s t a b i l i t y  r e q u i r e m e n t s  
n e c e s s a r y  f o r  r e c i r c u l a t i n g  o i l s .  

T h e  c u r r e n t  s t a t e  o f  d e v e l o p m e n t  o f  b e a r i n g s ,  s e a l s  
a n d  l u b r i c a n t s  i s  s u c h  t h a t  o p e r a t i o n  u n d e r  t h e  c o n d i t i o n s  
s p e c i f i e d  f o r  a d v a n c e d  s u p e r s o n i c  t r a n s p o r t  e n g i n e s  i s  d e f i n i t e l y  
p o s s i b l e ,  b u t  t h a t  e x t e n d e d  o p e r a t i o n  o f  c a n d i d a t e  b e a r i n g - l u b r i -  
c a n t - s e a l  s y s t e m s  i s  n e e d e d  t o  e s t a b l i s h  t e m p e r a t u r e  l i m i t a t i o n s  
a n d  r e l i a b i l i t y .  

2 .  R e s e a r c h  O b i e c t i v e s  

I t  i s  t h e  p u r p o s e  o f  t h i s  p r o g r a m  o f  r e s e a r c h  t o  i n v e s -  
t i g a t e  t h e  l i m i t s  o f  o p e r a t i o n a l  f e a s i b i l i t y  o f  u s i n g  t h e  b e s t  
c u r r e n t l y  a v a i l a b l e  b e a r i n g s ,  s e a l s ,  a n d  l u b r i c a n t s  i n  h i g h -  
t e m p e r a t u r e  l u b r i c a t i o n  s y s t e m s  u n d e r  c o n d i t i o n s  s i m u l a t i n g  
t h o s e  e x p e c t e d  i n  t h e  m a i n  p r o p u l s i o n  p o w e r  u n i t s  o f  a n  a d v a n c e d  
- - -  M a c h  3 s u p e r s c n i r  t r a n s p n r t  a i r c r a f t .  I t  i s  e x p e c t e d  t h a t  t h i s  
r e s e a r c h  w i l l  r e s u l t  i n :  

a .  D a t a  p e r t a i n i n g  t o  t h e  maximum t e m p e r a t u r e  c a p a -  
b i l i t y  o f  s e v e r a l  o f  t h e  m o s t  p r o m i s i n g  a v a i l a b l e  l u b r i -  
c a n t s  i n  b o t h  c i r c u l a t i n g  a n d  " o n c e - t h r o u g h "  n i t r o g e n -  
b l a n k e t e d  l u b r i c a t i o n  s y s t e m s .  

b .  O p e r a t i n g  e x p e r i e n c e  w i t h  a l u b r i c a n t  h a v i n g  a 
F r e o n  a d d i t i v e  u n d e r  s u p e r s o n i c  t r a n s p o r t  e n g i n e  c o n d i t i o n s  
i:: b o t h  r z c i r c u l a t l ~ g  j e t  I n h r i c a t i c n  a n d  n i l - m i s t  l u b r i -  
c a t i o n  s y s t e m s .  
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c ,  C o m p a r i s o n  b e t w e e n  a n  i n e r t e d  a n d  a n  o p e n  
r e c i r c u l a t i n g  o i l  s y s t e m  u n d e r  s u p e r s o n i c  t r a n s p o r t  
c o n d i t i o n s  u s i n g  t h e  m o s t  p r o m i s i n g  a v a i l a b l e  l u b r i c a n t ,  

d .  D a t a  o n  e n d u r a n c e  o f  i n e r t e d  r e c i r c u l a t i n g  
a n d  o i l - m i s t  b e a r i n g  a n d  s e a l  s y s t e m s  u n d e r  s i m u l a t e d  
supersonic t t t i i i ~ p o r t  engine  c o t i d i t i o n s  u p  t o  maximum 
o f  1000 h o u r s .  

3. P l a n  o f  R e s e a r c h  

a .  T i m i n q  o f  P r o i e c t  T a s k s  

T h e  r e s e a r c h  p r o g r a m  i s  d i v i d e d  i n t o  s i x  
s e p a r a t e  t a s k s  d e s c r i b e d  i n  A p p e n d i x  I o f  t h e  
S e c o n d  S e m i - A n n u a l  R e p o r t  ( 2 ) * .  B r i e f l y ,  t h e s e  t a s k s  
e n c o m p a s s  t h e  f o l l o w i n g :  

T a s k  I .  D e s i g n ,  c o n s t r u c t i o n  a n d  c h e c k - o u t  o f  f a c i l i t i e s  
a n d  t e s t  s y s t e m s .  ( C o m p l e t e d )  

T a s k  I1 R e c i r c u l a t i n g  r i g  s c r e e n i n g  t e s t  ( 3  h o u r s  a t  
s p e c i f i e d  t e s t  c o n d i t i o n s )  o f  5 c a n d i d a t e  
l u b r i c a n t s  w i t h  i n e r t  b l a n k e t i n g ,  a s e l e c t e d  
l u b r i c a n t  ( i n e r t e d )  w i t h  a F r e o n  a d d i t i v e ,  a n d  
a n o t h e r  s e l e c t e d  l u b r i c a n t  i n  a b a s e - l i n e  o p e n -  
a t m o s p h e r e  t e s t .  ( I n  p r o g r e s s )  

T a s k  I11 R e c i r c u l a t i n g  r i g  e n d u r a n c e  t e s t s  (1000 h r s .  
maximum) o f  two s e l e c t e d  l u b r i c a n t s .  (To b e  
s t a r t e d )  

T a s k  I V  O i l - m i s t  r i g  s c r e e n i n g  t e s t s  o f  5 c a n d i d a t e  
l u b r i c a n t s  i n  n i t r o g e n  a n d  a s e l e c t e d  l u b r i c a n t  
w i t h  a F r e o n  a d d i t i v e .  i i n  p r o g r e s s ]  

T a s k  V O i l - m i s t  r i g  e n d u r a n c e  t e s t s  o f  two s e l e c t e d  
l u b r i c a n t s .  (To b e  s t a r t e d )  

T a s k  V I  Q u a l i t y  a s s u r a n c e  p r o c e d u r e s  f o r  a l l  t e s t  
h a r d w a r e ,  s u p p l i e s ,  i n s t r u m e n t a t i o n  a n d  c l e a n -  
l i n e s s .  ( I n  p r o g r e s s ) .  

T h e  p h a s i n g  o f  e f f o r t  i s  shown i n  t h e  PERT n e t w o r k  
p r e s e n t e d  a s  E n c l o s u r e  1 , w h i c h  i s  c u r r e n t  a s  o f  May 1 ,  1966. 
T h i s  PERT n e t w o r k  i s  r e v i s e d  t o  i n c l u d e  t h e  a m e n d e d  p e r i o d  o f  
p e r f o r m a n c e  a s  g r a n t e d  b y  Amendment No. 4 ( A p r i l  18, 1966) t o  
t h e  C o n t r a c t .  

* N u m b e r s  i n  p a r e n t h e s e s  r e f e r  t o  L i s t  o f  R e f e r e n c e s  a t  t h e  e n d  
o f  t h i s  r e p o r t  
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P r o j e c t  e f f o r t  t o  d a t e  h a s  b e e n  e x p e n d e d  i n  T a s k s  I ,  
11, I V  a n d  V I  w h i c h  a r e  c o n c e r n e d  w i t h  t h e  p r o c u r e m e n t  o f  
f a c i l i t i e s  a n d  t e s t  s p e c i m e n s  a n d  t h e  s c r e e n i n g  t e s t s  o f  c a n d i -  
d a t e  l u b r i c a n t s  i n  t h e  two t e s t  r i g s .  D u r i n g  t h e  s i x  m o n t h s  
c o v e r e d  by  t h i s  r e p o r t ,  t h e  m a j o r  p o r t i o n  o f  t h e  e f f o r t  w e n t  
i n t o  s c r e e n i n g  t e s t s  i n  t h e  r e c i r c u l a t i n g  r i g  ( T a s k  11). A s  
shown i n  t h e  PERT n e t w o r k ,  e f f o r t  d u r i n g  t h e  n e x t  s e m i a n n u a l  
p e r i o d  w i l l  b e  d e v o t e d  t o  c o m p l e t i o n  o f  a l l  s c r e e n i n g  t e s t s  i n  
b o t h  r i g s  ( T a s k s  I1 a n d  I V )  a n d  t o  t h e  i n i t i a t i o n  o f  e n d u r a n c e  
t e s t s  i n  b o t h  t h e  r e c i r c u l a t i n g  and  m i s t  r i g s  ( T a s k s  I11 a n d  V I .  

1 I f  s a t i s f a c t o r y  p e r f o r m a n c e  i s  o b t a i n e d  u n d e r  t h e  
a b o v e  c o n d i t i o n s  w i t h  a n y  g i v e n  l u b r i c a n t  i n  i n i t i a l  s c r e e n i n g  
t e s t s ,  t h e  b e a r i n g  t e m p e r a t u r e  w i l l  b e  i n c r e a s e d  i n  1 0 0 ° F  
i n c r e m e n t s  t o  e s t a b l i s h  t h e  maximum t e m p e r a t u r e  u n d e r  w h i c h  
t h e  b e a r i n g - s e a l - l u b r i c a n t  c o m b i n a t i o n  w i l l  o p e r a t e  
a d e q u a t e l y .  

b.  T e s t  C o n d i t i o n s  a n d  F a c i l i t i e s  

T h e  g e n e r a l  p l a n  o f  t h e  t e s t  a p p a r a t u s  u s e d  on  t h i s  
p r o g r a m  i s  shown i n  E n c l o s u r e  2 .  Two t e s t  r i g s  h a v e  been  
p r o v i d e d ,  o n e  i n  w h i c h  t h e  l u b r i c a t i o n  system ( s h o w n  i n  
E n c l o s u r e  2 )  i s  a r e c i r c u l a t i n g  o i l - j e t  system a n d  t h e  o t h e r  
a o n c e - t h r o u g h  o i l - m i s t  s y s t e m .  B o t h  o f  t h e s e  r i g s  a n d  
a s s o c i a t e d  s y s t e m s  h a v e  b e e n  d e s c r i b e d  i n  d e t a i l  i n  t h e  F i r s t  
a n d  S e c o n d  S e m i - A n n u a l  R e p o r t s  ( 1 , 2 ) .  An a s s e m b l y  d r a w i n g  
o f  t h e  t e s t  r i g  i s  g i v e n  i n  E n c l o s u r e  3 ( b o t h  r i g s  a r e  
i d e n t i c a l  excep t  f o r  t h e  j e t  r i n g s  a n d  t h e  l u b r i c a t i o n  s y s t e m s ) .  

T h e  t e s t  a p p a r a t u s  i s  c a p a b l e  o f  o p e r a t i n g  a n  
a i r c r a f t  m a i n s h a f t  b a l l  b e a r i n g  and f a c e  s e a l  a s s e m b l y  
w i t h  t h e  c a n d i d a t e  l u b r i c a n t s  u n d e r  t h e  f o l l o w i n g  i n i t i a l  
c o n d i t i o n s :  

O i l - i n l e t  t e m p e r a t u r e ?  5 0 0 ° F *  ,+ 10°F 
B e a r i n g  o u t e r - r i n g  t e m p e r a t u r e ,  6 0 0 ° F  
B e a r i n g  i n n e r - r i n g  t e m p e r a t u r e ?  610°F o r  h i g h e r  
B e a r i n g  t h r u s t  l o a d ,  3280 l b s .  
A i r  t e m p e r a t u r e  a t  t h e  o u t b o a r d  s e a l ,  1200OF 
P r e s s u r e  d r o p  a c r o s s  t h e  t e s t  s e a l  a s s e m b l y ,  100 p s i  
S i i a f t  s p a ~ b ,  :-?,GO8 r ; ~  

* T h i s  t e m p e r a t u r e  i s  s p e c i f i e d  f o r  t h e  r e c i r c u l a t i n g  o i i  r i g .  
F o r  t h e  o i l - m i s t  r i g ,  t h e  l u b r i c a n t  s h a l l  be s u p p l i e d  f r o m  a 
p r e s s u r i z e d  r e s e r v o i r  a t  a t e m p e r a t u r e  o f  2UOeF, m i n i m u m .  

-6-  



T h e  f o l l o w i n g  l u b r i c a n t s ,  f i v e  i n  n u m b e r  f o r  e a c h  l u b r i -  
c a t i o n  t e c h n i q u e ,  h a v e  b e e n  s e l e c t e d :  

R e c i r c u l a t i n g  O i l s  

a )  E s s o  T u r b o  O i l  4 0 4 0  ( b a s e - l i n e  f l u i d  m e e t i n g  

b j  S i n c i a i r  T u r b o  S O i l ,  T y p e  1048, i i i i p i s v e d  ! e s t e r -  

C J  S o c o n y  M o b i l  X R M  1 7 7 F  ( h y d r o c a r b o n )  
d )  M o n s a n t o  MCS-293 ( m o d i f i e d  p o l y p h e n y l  e t h e r )  
e )  D u P o n t  PR-143 ( f l u o r o c a r b o n )  

MIL-L-7808E) 

b a s e )  

O i l - M i s t  L u b r i c a n t s  

a )  Esso T u r b o  O i l  4040  ( b a s e - l i n e  f l u i d  m e e t i n g  MIL-L- 

b )  U n i o n  C a r b i d e  UCON 50-HB-5100 ( p o l y a l k y l e n e  g l y c o l )  
c )  S u n  O i l  S u n t h e t i c  1 8 H  ( p o l y o l e f i n )  
d )  S o c o n y  M o b i l  X R M  1 7 7 F  ( h y d r o c a r b o n )  
e )  H e r c u l e s  P o w d e r  H e r c o l u b e  F ( p o l y e s t e r )  

7 8 0 8 E )  

4 .  T e s t  E l e m e n t s  

a .  T e s t  B e a r i n c r s  

T h e  t e s t  b e a r i n g s  b e i n g  u s e d  i n  a l l  600°F s c r e e n i n g  
t e s t s  h a v e  a n o m i n a l  m o u n t e d  c o n t a c t  a n g l e  o f  2 6 O  a n d  c o n f o r m  
t o  d e s i g n  No. 4 5 9 9 0 1 E  shown  i n  E n c l o s u r e  4 .  ( T h i s  d e s i g n  i s  
i d e n t i c a l  t o  t h a t  d e s i g n a t e d  459981A d i s c u s s e d  i n  p r e v i o u s  
s e m i - a n n u a l  r e p o r t s  ( 1 , 2 ) . )  T h e s e  b e a r i n g s  h a v e  b a l l s  a n d  
r i n g s  o f  fd-50 t o o l  s t e e l  w h i c h  r e t a i n s  s u i t a b l e  h o t  h a r d n e s s  
u p  t o  600OF. T h e y  h a v e  o p e r a t e d  s a t i s f a c t o r i l y  i n  a l l  t e s t i n g  

e x c e s s i v e  c a g e  l a n d  s m e a r i n g ,  m o s t l y  i n  t h e  mist  r i g  t e s t i n g ,  
w h i c h  m a y  b e  t h e  r e s u l t  o f  u n e v e n  c o o l i n g  b y  t h e  m i s t ,  a s  
d i s c u s s e d  i n  a l a t e r  s e c t i o n  o f  t h i s  r e p o r t .  (If c a g e  s m e a r i n g  
p e r s i s t s  i n  c o n t i n u e d  m i s t - r i g  t e s t i n g ,  s o m e  m o d i f i c a t i o n  
o f  c a g e  d e s i g n  w i l l  b e  t r i e d ,  s u c h  a s  i n c r e a s i n g  t h e  c a g e - l a n d  
c l e a r a n c e  o r  c h a n g i n g  t o  i n n e r - r i n g - l a n d  r i d i n g  d e s i g n ) .  Some 
M-50 b e a r i n g s  m a n u f a c t u r e d  f o r  c o n t i n u e d  t e s t i n g  d i d  n o t  
meet t h e  g r o o v e  r a d i u s  r e q u i r e m e n t s  o f  t h e  4 5 9 9 8 1 E  d e s i g n  i n  
E n c l o s u r e  4 a n d  were r e w o r k e d  t o  t h e  459981F d e s i g n ,  w h i c h  i s  
i d e n t i c a l  t o  4 5 9 9 8 1 E  e x c e p t  t h a t  0.005" l a r g e r  b a l l s  were u s e d  
t o  p r o v i d e  s t o c k  f o r  t h e  r e w o r k i n g .  

e ~ ; d r ; e t c d  10 f s y  . ~ + h  "A*.. + h e  "..U n v r n n t i n n  - - . - v r - - -  n f  ~ n m e  i n s t a n c e s  o f  
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F o r  t e s t i n g  a t  t e m p e r a t u e s  a b o v e  600°F t e s t  b e a r i n g s  
c o n f o r m i n g  t o  d e s i g n  No. 4599805 ( i d e n t i c a l  t o  p r e v i o u s l y  
d e s i g n a t e d  459980) h a v e  b e e n  made w i t h  r i n g s  a n d  b a l l s  o f  HB49 
t o o l  s t e e l  w h i c h  r e t a i n s  s u i t a b l e  h o t  h a r d n e s s  u p  t o  1000V. 
It was d i s c o v e r e d  i n  t h e  m a n u f a c t u r e  o f  t h e s e  b e a r i n g s ,  
h o w e v e r ,  t h a t  t h e  b l a c k  o x i d e  s u r f a c e  t r e a t m e n t  p r o c e s s  u s e d  
f o r  o t h e r  t o o l  s t e e l  b e a r i n g  m a t e r i a l s  h a s  a n  a d v e r s e  e f f e c t  
on  t h e  WB49 b e a r i n g  s u r f a c e s .  T h i s  t r e a t m e n t ,  w h i c h  h a s  been  
shown t o  h a v e  a b e n e f i c i a l  e f f e c t  o n  t h e  p e r f o r m a n c e  o f  

c o n d i t i o n s  ( 1 1 ,  a p p a r e n t l y  c a u s e s  a r o u g h e n i n g  o r  s c a l l o p i n g  
e f f e c t  o n  WB49 s u r f a c e s  a s  shown i n  t h e  s u r f a c e  t r a c e s  i n  
E n c l o s u r e  5. T h e s e  t r a c e r  s o r p a r e  t h e  t e x t u r e  o f  a 4599805 
i n n e r  r i n g  i n  a s p o t  where  t h e  b l a c k  o x i d e  c o a t i n g  h a s  b e e n  
s c r a p e d  o f f  w i t h  t h e  t e x t u r e  o f  a n  M-50 b e a r i n g  r i n g  w h i c h  
h a s  b e e n  s i m i l a r l y  s c r a p e d .  ( T h e  t r a c e s  a r e  m e a n i n g l e s s  i n  
t h o s e  r e g i o n s  w h e r e  t h e  c o a t i n g  i s  n o t  s c r a p p e d  o f f ,  s i n c e  
t h e  t r a c i n g  s t y l u s  d o e s  n o t  e v e r y w h e r e  p e n e t r a t e  t h e  c o a t i n g ) .  
T h i s  r o u g h e n i n g  o f  WB49 b e a r i n g  s u r f a c e s  h a s  b e e n  shown i n  
o t h e r  t e s t s  t o  h a v e  a d e t r i m e n t a l  e f f e c t  o n  b e a r i n g  p e r f o r m a n c e  
a t  h i g h  s p e e d s  a n d  t e m p e r a t u r e s  ( 3 ) .  I n  o r d e r  t o  p r o v i d e  
e n o u g h  WB49 b e a r i n g s  w i t h o u t  b l a c k  o x i d e  c o a t i n g  f o r  t h i s  
p r o g r a m ,  t h e r e f o r e ,  t h e  e x i s t i n g  c o a t e d  r i n g s  h a v e  b e e n  
r e w o r k e d  t o  d e s i g n  459980K w h i c h  i s  i d e n t i c a l  t o  4599803 e x c e p t  
t h a t  0.005" o v e r s i z e  b a l l s  were u s e d .  

b e a r i n g s  iiiade o f  o t h e r  steels under m a r g i n a l  i u b r i c a t i o n  

T h e  m o d i f i e d  t e s t  b e a r i n g  d e s i g n s  No.  4599808 a n d  
459981D d i s c u s s e d  i n  t h e  S e c o n d  S e m i - A n n u a l  R e p o r t  ( 2 )  w i l l  
n o t  be  t e s t e d  o n  t h i s  p r o g r a m ,  s i n c e  t h e  o r i g i n a l  d e s i g n  
h a s  b e e n  shown i n  t h e  i n i t i a l  t e s t i n g  t o  b e  e n t i r e l y  w o r k a b l e  
u n d e r  t h e  t e s t  c o n d i t i o n s ,  e x c e p t  f o r  p o s s i b l e  c a g e  m o d i f i -  
c a t i o n s ,  a s  d i s c u s s e d  p r e v i o u s l y .  

A t  t h e  p r e s e n t  t i m e ,  t h e  f o l l o w i n g  t e s t  b e a r i n g s  a r e  o n  

Used  M-50 ( u n s u i t a b l e  f o r  f u r t h e r  t e s t i n g )  4 
h a n d :  

U s e d  Y-50  ( s u i t a b l e  f o r  f u r t h e r  t e s t i n g )  5 
N e w  M-50 10 
N e w  WB-49 17 
I n n e r - r i n g - l a n d  r i d i n g  c a g e s  10 

An a d d i t i o n a l  l o t  o f  Ab-50 b e a r i n g s  h a s  b e e n  o r d e r e d  f o r  
t h e  e n d u r a n c e  t e s t i n g  on  T a s k s  I11 a n d  V, i f  n e e d e d .  
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I n  some o f  t h e  t e s t s  c o n d u c t e d  t o  d a t e ,  e s p e c i a l l y  i n  
t h e  o i l - m i s t  r i g ,  t h e r e  was  s o m e  e v i d e n c e  t h a t  b e a r i n g  
f a i l u r e  may h a v e  b e e n  i n i t i a t e d  by  c a g e  w e a r  a n d  s m e a r i n g .  
Some b a c k - u p  c a g e s  o f  a n  i n n e r - r i n g - l a n d  r i d i n g  d e s i g n  h a v e  
b e e n  p r o v i d e d .  A l s o ,  some s t a n d a r d  o u t e r - r i n g - l a n d  r i d i n g  
c a g e s  h a v e  b e e n  m a d e  w i t h  i n c r e a s e d  l a n d  c l e a r a n c e  f o r  a n y  
f u t u r e  t e s t s  when n e e d e d .  

M a n u f a c t u r i n g  p r o b l e m s  h a v e  p r e v e n t e d  t h e  f i n i s h i n g  o f  
o t h e r  b a c k - u p  c a g e s  made  o f  S-Monel c o a t e d  t o o l  s t e e l  a n d  
o f  n i t r i d e d  n i t r a l l o y .  T h e r e f o r e ,  t h e s e  u n f i n i s h e d  p a r t s  
w i l l  b e  h e l d  u n t i l  a c l e a r  n e e d  f o r  t h e m  a r i s e s .  

b. T e s t  S e a l s  

T h e  d u a l  t e s t  s e a l  a r r a n g e m e n t  shown i n  E n c l o s u r e  3 
h a s  been  u s e d  s u c c e s s f u l l y  i n  a l l  t e s t i n g  s o  f a r .  T h i s  
a r r a n g e m e n t  c o n s i s t s  o f  a n  o i l  f a c e  s e a l  a n d  a n  a i r  f a c e  s e a l  
shown i n  E n c l o s u r e s  6 a n d  7,  r e s p e c t i v e l y ,  s u p p l i e d  by  t h e  K o p p e r s  
S e a l  Company. B o t h  o f  t h e s e  s e ~ l :  h a v e  a n  AM350 s t a i n l e s s  
s t e e l  b e l l o w s  a n d  t h e  c a r b o n  f a c e  i s  m a c h i n e d  w i t h  a dam s o  
l o c a t e d  t h a t  t h e  b e l l o w s  i s  e s s e n t i a l l y  p r e s s u r e  b a l a n c e d .  
C a r b o n  p a d s  o r  l a n d s  a r e  p r o v i d e d  b o t h  i n b o a r d  a n d  o u t b o a r d  
o f  t h e  s e a l i n g  dam t o  d i s t r i b u t e  t h e  b e l l o w s  s p r i n g  f o r c e  a n d  
r e s i d u a l  g a s  p r e s s u r e  u n b a l a n c e  o v e r  a l a r g e  c o n t a c t  a r e a  
b e t w e e n  t h e  c a r b o n  a n d  s h o u l d e r  r i n g s .  T e s t e d  s e a l s  re- 
q u i r i n g  t h e  r e p l a c e m e n t  o f  c a r b o n  r i n g s  o r  t h e  r e - c h r o m i u m  
p l a t i n g  o f  t h e  s h o u l d e r  a r e  r e w o r k e d  b y  K o p p e r s  Company o n  
a s u b c o n t r a c t  b a s i s .  H o w e v e r ,  t h e  l a p p i n g  o f  b o t h  c a r b o n  
a n d  s h o u l d e r  s u r f a c e s  b e t w e e n  t e s t s  i s  b e i n g  d o n e  b y  
5 E F L a b o r a t o r y  p e r s o n n e l  u s i n g  l a p  p l a t e s  a n d  t e c h n i q u e s  
s u p p l i e d  by  K o p p e r s .  

L L  T L  ~ i a a  I.--- U G L I I  C n * a n A  L V U U U  + h - *  u. .uv l  - _  e n  In:2 a s  t h ~  c n r r e c t  p r e s s u r e  
b a l a n c e  i s  m a i n t a i n e d  a n d  t h e  c a r b o n  s e a l i n g  s u r f a c e  i s  i n t a c t  
a n d  n o t  b a d l y  s c o r e d ,  t h e  s e a l s  p e r f o r m  a d e q u a t e l y .  So l o n g  
a s  a p p r o x i m a t e l y  o n e  t h i r d  o f  t h e  o r i g i n a l  c a r b o n  dam h e i g h t  
i s  r e m a i n i n g  ( a n d  i n  g o o d  c o n d i t i o n )  on  t h e  t e s t  s e a l s ,  a 
c o r r e c t  p r e s s u r e  b a l a n c e  i s  m a i n t a i n e d .  I f  e x c e s s i v e  w e a r  i s  
p r e s e n t ,  g a s  f l o w  t h r o u g h  t h e  r a d i a l  s l o t s  i n  t h e  w e a r  p a d s  
on  e i t h e r  s i d e  o f  t h e  s e a l i n g  dam c a n  c h o k e .  T h i s  c a u s e s  t h e  d e -  
s i g n  p r e s s u r e  d r o p  ( a b o u t  100 p s i  a c r o s s  t h e  o i l  s e a l ,  f o r  e x a m p l e )  
t o  o c c u r  a c r o s s  a n  a r e a  f r o m  t h e  o n e  s i d e  o f  t h e  p a d s  t o  t h e  o p p o s i t e  
s i d e  o f  t h e  s e a l i n g  dam i n s t e a d  o f  j u s t  a c r o s s  t h e  s e a l i n g  dam i t s e l f .  
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T h i s  p r e s s u r e  d r o p  a c t i n g  o n  a l a r g e r  t h a n  d e s i g n e d  a r e a  
d i s r u p t s  t h e  p r e s s u r e  b a l a n c e  and c a n  i n c r e a s e  h e a t  g e n e r a -  
t i o n  i n  t h e  c a r b o n - c h r o m i u m  r u b b i n g  s u r f a c e  o r  l i f t  t h e  
c a r b o n  o f f  t h e  r u n n e r  l e a d i n g  t o  h i g h  l e a k a g e .  

An a r e a  o f  c o n c e r n  on  t h e  a i r  s e a l  w a s  p o s s i b l e  re -  
l a x a t i o n  a n d  p e r m a n e n t  s e t  i n  t h e  AM350 b e l l o w s  o n  e x p o s u r e  
t o  h i g h  t e m p e r a t u r e s . ,  I t  h a s  b e e n  f o u n d  t h a t  d u r i n g  o p e r a t i o n  
a t  6OOOF t e s t  c o n d i t i o n s  t h i s  b e l l o w s  o p e r a t e s  b e t w e e n  900 
and  1000OF.  No s e a l  h a s  b e e n  r u n  m o r e  t h a n  a b o u t  10 h o u r s  a t  
t h e s e  6 0 0 ° F  s c r e e n i n g  t e s t  c o n d i t i o n s  s o  t h a t  t h e  l o n g - t e r m  
e f f e c t  o f  e x p o s u r e  t o  t h e s e  t e m p e r a t u r e s  c a n n o t  b e  e v a l u a t e d .  
In t h e  s h o r t  t e s t s  r u n  t h e  b e l l o w s  d i d  n o t  r e l a x  s i g n i f i c a n t l y  
a s  f a r  a s  c a n  b e  a s c e r t a i n e d .  ( I t  s h o u l d  b e  n o t e d  t h a t  f r e e  
h e i g h t  m e a s u r e m e n t s  o n  s e a l s  a r e  d i f f i c u l t  a n d  t h a t  a n  e r r o r  . 

o n  t h e  o r d e r  o f  f 5-10X c o u l d  e x i s t ) .  I f  r e l a x a t i o n  d i f f i c u l t y  
i s  e x p e r i e n c e d  i n  f u t u r e  t e s t i n g  ( i n  p a r t i c u l a r ,  i n  e n d u r a n c e  
r u n s )  two  a i r  s e a l s  w i t h  I n c o  718 b e l l o w s  now on  h a n d  w i l l  b e  
u s e d .  

A t  t h e  p r e s e n t  t i m e ,  t h e  f o l l o w i n g  s e a l  d i s p o s i t i o n  
e x i s t s :  

O i l  S e a l s  - 3 o n . h a n d  ( 2  w i t h  r e w o r k e d  3 r e w o r k e d  d u e  f r o m  
c a r b o n s )  K o p p e r s  ( 1  o f  w h i c h  

w a s  r e j e c t e d  f o r  i n -  
c o r r e c t  dam d i a m e t e r )  

O i l  S e a l  s h o u l d e r s  - 2 o n  h a n d  

A i r  S e a l s  - 6 o n  h a n d  ( 2  w i t h  I n c o  718 
b e l  l o w s  1 

A i r  S e a l  s h o u l d e r s  - 4 on  h a n d  

c .  L u b r i c a n t s  

2 r e w o r k e d  d u e  f r o m  
K o p p e r s  

2 I n c o n e l  s h o u l d e r s  

( r e j e c t e d  f o r  u n d e r -  
s i z e  b o r e )  

A,.- +-*a* ulr.r.nnrr 
YU8, A*"- -."pp"'Y 

/ 

L u b r i c a n t  s e l e c t i o n  r e m a i n s  u n c h a n g e d  f r o m  t h o s e  
d e s c r i b e d  i n  t h e  S e c o n d  S e m i a n n u a l  R e p o r t  ( 2 ) .  D e t a i l e d  
p r o p e r t i e s  d a t a  f o r  t h e  s e l e c t e d  t e s t  l u b r i c a n t s  a r e  g i v e n  
i n  t h e  e a r l i e r  r e p o r t s  ( 1 , 2 ) .  T e m p e r a t u r e - v i s c o s i t y  p r o p e r -  
t i e s  o f  t h e  t e s t  l u b r i c a n t s  a r e  p r e s e n t e d  i n  E n c l o s u r e s  8 
( r e c i r c u l a t i n g  t e s t  o i l s )  a n d  9 (mis t  t e s t  o i l s ) .  
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The  f o l l o w i n g  a m o u n t s  o f  t h e  t e s t  l u b r i c a n t s  a r e  on  
h a n d :  

LUBRICANT 

E s s o  4 0 4 0  
S i n c l a i r  T u r b o  S - 1 0 4 8  
S o c o n y  XRM 1 7 7 F  
M o n s a n t o  MCS-293 
D u P o n t  PB-143 
UCON 50HB5100 
S u n t h e t i c  1 8 H  
H e r c o l u b e  F 

USED IN 

B o t h  r i g s  
Rec i r c u l  a t i n g  r i g  
B o t h  r i g s  
R e c i r c u l a t i n g  r i g  
R e c i r c u l a t i n g  r i g  
Mist r i g  
Mist r i g  
Mist r i g  

IiNUSED AMOUNT 
O N  H A N D  (GALLONS) 

1 2 0  
175 
30* 
20+ 
20 * 
10* 
10* 

150 

A summary  o f  t h e  a c i d  n u m b e r  a n d  v i s c o s i t y  m e a s u r e m e n t s  
on  t e s t  l u b r i c a n t s  b e f o r e  a n d  a f t e r  6 0 0 ° F  s c r e e n i n g  t e s t s  i s  
p r e s e n t e d  a s  E n c l o s u r e  10. 

d .  F r e o n  A d d i t i v e  

D u P o n t  F r e o n  113 w a s  s e l e c t e d  a s  an  a d d i t i v e  f o r  b o t h  
a r e c i r c u l a t i n g  a n d  a m i s t  l u b r i c a n t  t o  p r o v i d e  i m p r o v e d  
b o u n d a r y  l u b r i c a t i n g  c h a r a c t e r i s t i c s  i n  i n e r t e d  l u b r i c a t i o n  
s y s t e m s ,  a n d  t o  i n c r e a s e  t h e  s p o n t a n e o u s  i g n i t i o n  t e m p e r a t u r e  
o f  t h e  c o m p o u n d e d  l u b r i c a n t  o v e r  t h a t  o f  t h e  b a s e - s t o c k  when 
e x p o s e d  t o  a i r ,  b a s e d  o n  t h e  r e s u l t s  o f  p r e l i m i n a r y  s t u d i e s  
a t  N A S A  ( 4 - 6 ) .  F r e o n  113 w a s  s e l e c t e d  a s  h a v i n g  t h e  m o s t  
f a v o r a b l e  l u b r i c a t i n g  c h a r a c t e r i s t i c s  w i t h  t h e  t o o l  s t e e l s  
u s e d  f o r  t h e  t e s t  b e a r i n g s  o n  t h i s  p r o g r a m .  I n  o r d e r  t o  
s e l e c t  t h e  m o s t  p r o m i s i n g  b a s e - s t o c k s  f o r  t h e s e  F r e o n - a d d i t i v e  
t e s t s ,  p r e l i m i n a r y  s o l u b i l i t y  a n d  c o m p a t i b i l i t y  t e s t s  were 
c o n d u c t e d  a t  D u P o n t  a n d  r e p o r t e d  i n  A p p e n d i x  I11 o f  t h e  S e c o n d  
S e m i a n n u a l  R e p o r t  ( 2 ) .  S i n c e  t h e s e  e a r l y  t e s t s  were n o t  c o n -  
c l u s i v e ,  t h e  f o l l o w i n g  a d d i t i o n a l  t e s t i n g  h a s  b e e n  c o n d u c t e d .  

Each i i l e  ,..iyi,i c a n d i b a i e  libri~.;;~ xzs -:---.A L U I A G U  --.<+I. U A  C a n  1 n W  A"/. 

( b e  w e i g h t )  o f  F r e o n  113 a n d  t h e  r e s u l t i n g  m i x t u r e  h e a t e d  f o r  
o n e  h o u r  a t  500OF i n  a n  o p e n  c o n t a i n e r .  I n  a d d i t i o n ,  g a s e o u s  
F r e o n  113 h a s  b e e n  b u b b l e d  i n t o  e a c h  c a n d i d a t e  l u b r i c a n t  w h i l e  
i t  w a s  h e a t e d  t o  5 0 0 0 F ,  f o r  o n e  h o u r .  T h e  r e s u l t i n g  s a m p l e s  
were s e n t  t o  t h e  D u P o n t  L a b o r a t o r i e s  f o r  a n a l y s i s  o f  t h e  F r e o n  
r e m a i n i n g  i n  t h e  l u b r i c a n t .  T h e s e  r e s u l t s  a r e  p r e s e n t e d  i n  
A p p e n d i x  I t o g e t h e r  w i t h  t h e  r e s u l t s  o f  a d d i t i o n a l  c o m p a t i b i l i t y  
t e s t s  i n  s e a l e d  c o n t a i n e r s  c o n d u c t e d  a t  D u P o n t ,  w h i c h  d i f f e r  
f r o m  t h o s e  r e p o r t e d  i n  A p p e n d i x  I11 o f  ( 2 )  i n  t h a t :  

" F u r t h e r  q u a n t i t i e s  o f  t h e s e  l u b r i c a n t s  a r e  b e i n g  h e l d  on  
l o t  c o n t r o l  b y  t h e  s u p p l i e r .  
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a )  t h e  s a m p l e s  were s e a l e d  i n  a i r  r a t h e r  t h a n  i n  a v a c u u m .  

b )  10% b y  w e i g h t  F r e o n  113 was  u s e d  r a t h e r  t h a n  50% b y  
v o l u m e .  

c )  b o t h  WB49 b e a r i n g  s t e e l  a n d  I n c o n e l  X-750 s a m p l e s  
were s e a l e d  i n  t h e  s a m e  c a p s u l e  r a t h e r  t h a n  i n  
s e p a r a t e  c a p s u i e s .  

O f  t h e  r e c i r c u l a t i n g  o i l s  t e s t e d  f o r  s o l u b i l i t y  o f  
F r e o n  113 (10% F r e o n  c o n t e n t  u s e d  i n i t i a l l y  t o  e s t a b l i s h  
s o l u b i l i t y  l i m i t s ,  see  T a b l e  I1 o f  A p p e n d i x  I ) ,  t h e  e s t e r -  
b a s e  o i l s ,  Esso 4 0 4 0  a n d  S i n c l a i r  T u r b o  S - 1 0 4 8  ( i m p r o v e d ) ,  
a n d  t h e  p o l y p h e n y l  e t h e r  t y p e  l u b r i c a n t ,  M o n s a n t o  MCS-293, 
h a d  t h e  m o s t  p r o m i s i n g  s o l u b i l i t y  c h a r a c t e r i s t i c s .  The  F r e o n  ' 

c o m p a t i b i l i t y  r e s u l t s  ( s e e  T a b l e  I o f  A p p e n d i x  I) s h o w e d  t h a t  
F r e o n  113 r e a c t e d  e x t e n s i v e l y  w i t h  t h e  e s t e r  o i l ,  S i n c l a i r  
T u r b o  S ,  b u t  t h a t  no  e x c e s s i v e  r e a c t i o n  o c c u r r e d  w i t h  M o n s a n t o  
MCS-293. T h e r e f o r e ,  b a s e d  on t h e s e  r e s u l t s  i t  h a s  b e e n  d e c i d e d  
t o  a d d  3% ( b y  w e i g h t )  F r e o n  113 t o  t h e  MCS-293 f l u i d  a n d  r u n  
u n d e r  a N i t r o g e n  b l a n k e t  i n  t h e  r e c i r c u l a t i n g  r i g .  S e a l e d  
c a p s u l e  c o m p a t i b i l i t y  t e s t s  w i l l  b e  re - run  w i t h  S u n t h e t i c  1 8 H ,  
U C O N  50HB5100, a n d  Esso 4 0 4 0  b e f o r e  s e l e c t i n g  t h e  b a s e - s t o c k  
t o  b e  u s e d  f o r  t h e  F r e o n  a d d i t i v e  t e s t  i n  t h e  o i l - m i s t  r i g .  

5. T e s t  E q u i p m e n t  

a .  T e s t  R i q s  

A t  t h i s  t i m e ,  t h e  r e c i r c u l a t i n g  r i g  i s  f u l l y  o p e r a t i o n a l  
f o r  t e s t i n g  a t  600°F, on  a r e l i a b l e  b a s i s  a l t h o u g h  t r o u b l e  i s  
s t i l l  e x p e r i e n c e d  on  o c c a s i o n  w i t h  a i r  a n d  o i l  l e a k s  ( i m p r o v e d  
s e a l i n g  m e t h o d s  a r e  b e i n g  e x p l o r e d ) .  A l l  c o r r o s i o n  r e s i s t a n t  
p a r t s  n e c e s s a r y  t o  t e s t  t h e  DuPon t  PR-143 f l u i d  h a v e  b e e n  i n -  
s t a l l e d -  

T h e  m i s t  r i g  i s  now s t a r t i n g  t e s t s  a t  e l e v a t e d  t e m p e r a -  
t u r e s ,  a n d  i s  a l s o  b a s i c a l l y  o p e r a b l e ,  a l t h o u g h  c o n s i d e r a b l e  
d e l a y s  were e n c o u n t e r e d  i n  t h e  p r o c u r e m e n t  o f  h a r d w a r e  f o r  
t h i s  r i g  t o  r e p l a c e  t h a t  u s e d  t o  o p e r a t e  t h e  r e c i r c u l a t i n g  r i g .  
T h e  h e a t - u p  t ime i n  t h e  m i s t  rig i s  v e r y  l o n g ,  s i n c e  t h e r e  i s  
n o  p r e h e a t i n g  o f  t h e  l u b r i c a t i o n  sys tem a s  i n  t h e  r e c i r c u l a t i n g  
r i g .  A u x i l i a r y  h e a t e r s  a n d  a p r e h e a t  p r o c e d u r e  w i l l  b e  u s e d  i n  
f u t u r e  t e s t i n g  a t  s c r e e n i n g  t e s t  c o n d i t i o n s .  
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b. D r i v e  System 

C o n s i d e r a b l e  d i f f i c u l t y  was  e x p e r i e n c e d  w i t h  m a l f u n c -  
t i o n  ( s e v e r e  h u n t i n g )  o f  t h e  r e c i r c u l a t i n g  r i g  75HP d r i v e  
s y s t e m  ( e s p e c i a l l y  a r o u n d  14 ,000  r p m )  w h i c h  c a u s e d  a g r e a t  
d e a l  o f  l o s t  t ime.  T h e  m a n u f a c t u r e  w a s  u n a b l e  t o  c o r r e c t  
t h i s  p r o b l e m  s o  t h e  d r i v e  ;vas - - - I - -  r c p i a u e d  b y  SE e x f s t i ~ g  50HP 
v a r i a b l e  s p e e d  DC m o t o r  a n d  MG s e t  u n t i l  a n e w  75HP u n i t  c a n  
b e  p r o v i d e d  b y  t h e  m a n u f a c t u r e r  ( d e l i v e r y  i s  e x p e c t e d  i n  J u n e ,  
b a s e d  o n  a v e r b a l  c o m m i t m e n t ) .  Maximum t e s t  s p e e d  o b t a i n a b l e  
w i t h  t h i s  t e m p o r a r y  m o t o r  i s  a b o u t  13,500 rpm.  A new p u l l e y  
i s  b e i n g  p r o v i d e d  t o  r e a c h  1 4 , 0 0 0  rpm. 

i 
D u r i n g  e a r l y  t e s t i n g  o n  t h e  r e c i r c u l a t i n g  r i g ,  t h e  f l a t  

b e l t  u s e d  t o  t r a n s m i t  p o w e r  f r o m  t h e  m o t o r  t o  t h e  t e s t  r i g  
f a i l e d  r e p e a t e d l y .  I t  w a s  f o u n d  t h a t  b e l t  p e r f o r m a n c e  d e p e n d e d  
v e r y  h e a v i l y  o n  e x a c t  a l i g n m e n t  b e t w e e n  t h e  m o t o r  p u l l e y  a n d  j a c k -  
s h a f t .  The  n e c e s s a r y  p r o c e d u r e s  h a v e  b e e n  e v o l v e d  t o  s e c u r e  
c o r r e c t  a l i g n m e n t  s o  t h a t  b e l t  l i f e  h a s  b e e n  c o n s i d e r a b l y  e x t e n d e d .  

c .  N i t r o g e n - H e l i u m  M i x i n g  S y s t e m  

W i t h  t h e  i n s t a l l a t i o n  of  t h e  B e n d i x  Mass  S p e c t r o m e t e r  
e q u i p m e n t  a n d  s a m p l e  d r a w i n g  a p p a r a t u s  ( d i s c u s s e d  i n  t h e  n e x t  
s e c t i o n  o f  t h i s  r e p o r t ) ,  t h e  c o n t i n u o u s  m i x i n g  s y s t e m  t h a t  p r o v i d e s  
a p p r o x i m a t e l y  1% t r a c e r  h e l i u m  i n  t h e  n i t r o g e n  f l o w  t o  t h e  i n t e r s e a l  
c a v i t y  w a s  c h e c k e d  o u t  o n  t h e  r e c i r c u l a t i n g  r i g .  T h e  s p e c t r o m e t e r  
i n d i c a t e d  t h a t ,  i n  f i r s t  t e s t s ,  h e l i u m  w a s  b e i n g  a d m i t t e d  t o  t h e  
n i t r o g e n  f l o w ,  b u t  t h a t  t h e  q u a n t i t y  w a s  e r r a t i c  a n d  n o t  p r o p o r t i o n a l  
t o  t h e  f l o w .  T h i s  e f f e c t  w a s  t r a c e d  t o  a n  e r r o r  i n  t h e  p n e u m a t i c  
v a l v e  c o n t r o l  s y s t e m  w h i c h  i n v e r t e d  t h e  m i x i n g  c o n t r o l  f u n c t i o n .  
C o r r e c t i o n  o f  t h e  c o n t r o l  s y s t e m  y i e l d e d  t h e  c o r r e c t  v a l v e  a c t i o n s  
a n d  a p r e l i m i n a r y  s p e c t r o m e t e r  a n a l y s i s  i n d i c a t e d  a h e l i u m  c o n c e n -  
t r a t i o n  a t  t n e  a e s i r e a  i %  w i t n i n  a few t e n t h s  or” a p e r c e n i ,  eve11 a i  
a l o w  m i x t u r e  f l o w  r a t e .  T h i s  s y s t e m  i s  now o p e r a t i o n a l  on  b o t h  
r i g s .  R e s u l t s  o f  t h e  u s e  o f  t h i s  s y s t e m  a r e  i n c l u d e d  i n  t h e  v a r i o u s  
s e c t i o n s  u n d e r  T e s t  R e s u l t s .  
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d .  A u x i l i a r y  T e s t  B e a r i n g  Outer R i n g  a n d  H o u s i n g  H e a t e r s  

P r e l i m i n a r y  t e s t i n g  i n  t h e  r e c i r c u l a t i n g  r i g  r e v e a l e d  
t h a t  t h e  t e s t  b e a r i n g  h e a t  g e n e r a t i o n  w a s  c o n s i d e r a b l y  l o w e r  
t h a n  e x p e c t e d  i n  t h e  d e s i g n  p h a s e  o f  t h i s  p r o g r a m  (100 t o  200 
B t u / m i n .  r e j e c t e d  t o  t h e  o i l ,  i n s t e a d  o f  400 B t u / m i n .  b a s e d  o n  
p r e v i o u s  t e s t  d a t a  a v a i l a b l e  t o  S E f f  I n d u s t r i e s ,  I n c .  o n  b e a r -  
i n g s  h a v i n g  s i m i l a r  i n t e r n a l  g e o m e t r y ) .  I t  w a s  f o u n d  t h a t  t h e  
t e s t  b e a r i n g  o u t e r  r i n g  c o u l d  n o t  be h e a t e d  h i g h e r  t h a n  6 0 0 ° F  
w i t h o u t  a l s o  i n c r e a s i n g  t h e  o i l - i n  t e m p e r a t u r e  a b o v e  500OF.  Re- 
d u c i n g  t h e  o i l  f l o w  r a t e  t o  a l o w  e n o u g h  l e v e l  t o  m a i n t a i n  t h i s  
lOO0F d i f f e r e n t i a l  b e t w e e n  o i l - i n  and o u t e r - r i n g  t e m p e r a t u r e  
s o m e t i m e s  r e s u l t e d  i n  b e a r i n g  f a i l u r e s  a p p a r e n t l y  c a u s e d  b y  
t h e r m a l  i n s t a b i l i t y ,  a s  d i s c u s s e d  i n  t h e  s e c t i o n  on T e s t  R e s u l t s .  

t 
I 

T h e r e f o r e ,  a u x i l i a r y  h e a t e r s  were p r o c u r e d  f o r  i n -  
s t a l l a t i o n  i n  t h e  r i g  b o t h  a r o u n d  t h e  m a i n  h o u s i n g  OD a n d  n e x t  
t o  t h e  t e s t  b e a r i n g  o u t e r  r i n g  on t h e  b e a r i n g  h o u s i n g  m o u n t ,  
a s  shown i n  E n c l o s u r e  1 2 .  I n s t a l l a t i o n  o f  t h e s e  a u x i l i a r y  
h e a t e r s  i n  t h e  m i s t  r i g  w i l l  b e  c o m p l e t e d  i n  May a n d  i n  t h e  
r e c i r c u l a t i n g  r i g  i n  J u n e .  

e .  H o t  A i r  S y s t e m  

T h e  h o t  a i r  s y s t e m  i s  now o p e r a t i n g  s a t i s f a c t o r i l y  
on  b o t h  r i g s .  T h e  m a j o r  p r o b l e m s  e n c o u n t e r e d  d u r i n g  t h i s  
r e p o r t  p e r i o d  a r e  e x p l a i n e d  i n  d e t a i l  b e l o w .  

Af t e r  o n e  o f  t h e  r u n s  w i t h  E s s o  4 0 4 0  o i l  a f a i r l y  l a r g e  
q u a n t i t y  o f  m a g n e t i c  m e t a l l i c  p o w d e r  was  f o u n d  i n  t h e  h o t  a i r  
s y s t e m  ?!hen i t  W a c :  d i s a s s e m b l e d  a f t e r  a p p r o x i m a t e l y  10 h o u r s  a t  
f u l l  t e m p e r a t u r e  c o n d i t i o n s  ( E n c l o s u r e  1 9 ) .  T h r o u g h  c h e m i c a l  
a n a l y s i s ,  i t  w a s  d e t e r m i n e d  t h a t  t h i s  p o w d e r  was  t h e  p r o d u c t  o f  
o x i d a t i o n  o f  t h e  316 s t a i n l e s s  s t e e l  a i r  t u b e  i n  t h e  a i r  h e a t e r .  
T h e  h e a t e r  w a s  r e m o v e d  f r o m  s e r v i c e  u n t i l  i t  w a s  e s t a b l i s h e d  b y  
p r e s s u r e  t e s t i n g  t h a t  t h e  t u b i n g  w a s  s t i l l  s a f e  t o  o p e r a t e  a t  t h e  
t e m p e r a t u r e s  a n d  p r e s s u r e s  e n c o u n t e r e d  i n  s e r v i c e  i n  v i e w  o f  t h e  
p o s s i b l e  w e a k e n i n g  o f  t h e  h e a t e r  t u b e  w a l l .  A f u l l y  i n s t r u m e n t e d  
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s e r i e s  o f  t e s t s  ( i n c l u d i n g  m o n i t o r i n g  o f  t h e  h e a t e r  t e m p e r a t u r e  
a t  two p o i n t s  a n d  t h e  a i r  j u s t  a s  i t  l e a v e s  t h e  h e a t e r )  i n d i c a t e d  
t h a t  a t  h i g h  f l o w  r a t e s  1200OF a i r  i n t o  t h e  h o t  a i r  m a n i f o l d  c a n  
b e  r e a l i z e d  w i t h o u t  a n y  o v e r h e a t i n g  a n d  d a m a g e  t o  t h e  h e a t e r .  The  
e x i s t i n g  a i r  c o m p r e s s o r  c a n  b e  u s e d  t o  s u p p l y  a i r  f l o w  f o r  b o t h  
r i g s  s i m u l t a n e o u s l y  o n l y  s o  l o n g  a s  t h e  h e a t  l o s s  i n  t h e  p i p i n g  
b e t w e e n  t h e  h e a t e r  a n d  t h e  r i g  can  b e  h e l d  a t  t h e  l o w  l e v e l  o b t a i n e d  

t o  t h e  t e m p e r a t u r e s  e n c o u n t e r e d  i n  t e s t i n g  a n d  t o  t h e  n e c e s s a r y  
h a n d l i n g  d u r i n g  a s s e m b l y  a n d  d i s a s s e m b l y  o f  t h e  r i g s ,  t h i s  i n s u l a -  
t i o n  d e t e r i o r a t e s  t o  an  a p p r e c i a b l e  e x t e n t .  A r e f r a c t o r y  f i b e r  
f e l t  i n s u l a t i o n  b e l i e v e d  t o  b e  b e t t e r  b o t h  m e c h a n i c a l l y  a n d  t h e r -  
m a l l y  w i l l  b e  u s e d  i n  f u t u r e  t e s t i n g .  

w i t h  t h e  p r e s e n t  i n s u ? 3 t i = f i  pihen i t  i s  new,  H o w e v e r ,  . * - - -  UpU11 C A p U 3 U L C  - - - - - - * - - -  

f .  R e c i r c u l a t i n g  O i l  System t 
T h e  h o t  r e c i r c u l a t i n g  t e s t  o i l  s y s t e m  h a s  w o r k e d  s a t i s f a c -  

t o r i l y  i n  a l l  6 0 0 ° F  s c r e e n i n g  t e s t s .  I n  o r d e r  t o  m a i n t a i n  a 500°F 
o i l - i n  t e m p e r a t u r e ,  h o w e v e r ,  i t  w a s  o f t e n  n e c e s s a r y  t o  u s e  a n  o i l  
f l o w  t o  t h e  t e s t  b e a r i n g  i n  t h e  0 . 5  - 1.0 gpm r a n g e ,  w h i c h  i s  b e l o w  
t h e  1-10 gpm r a n g e  o f  t h e  p r e s e n t  f l o w m e t e r .  T h e r e f o r e ,  a r e p l a c e -  
m e n t  f l o w m e t e r  o f  s p e c i a l  I n c o n e l  c o n s t r u c t i o n ,  h a v i n g  a f l o w  r a n g e  
o f  0 . 3  t o  3 gpm i s  o n  o r d e r  f o r  d e l i v e r y  i n  J u n e .  I n  t h e  m e a n t i m e ,  
t e s t i n g  c o n t i n u e s  w i t h  t h e  e x i s t i n g  s y s t e m  w h i c h  h a s  b e e n  c a l i -  
b r a t e d  b e l o w  1 gpm f l o w  b y  t h e  p o s i t i o n  o f  t h e  o i l  t h r o t t l e  v a l v e  
i n  t h e  s y s t e m .  

6 .  I n s t r u m e n t a t i o n  I 
A l l  i n s t r u m e n t a t i o n  s y s t e m s  h a v e  o p e r a t e d  s a t i s f a c t o r i l y  

o n  b o t h  r i g s  d u r i n g  t h i s  r e p o r t  p e r i o d ,  w i t h  t h e  e x c e p t i o n  o f  
t h e  r e c i r c u l a t i n g  r i g  o i l - l e v e l  s e n s o r  w h i c h  m a l f u n c t i o n s  b y  
c a u s i n g  e x c e s s  l e a k a g e  o f  t e s t  o i l  o u t  t h e  v e n t  l i n e .  ( S i n c e  
t h e  o i l  l e v e l  h a s  n e v e r  d r o p p e d  d a n g e r o u s l y  l o w  i n  a l l  t e s t i n g  
s o  f a r ,  a n d  t h e  o i l  f l o w  r a t e  i s  m o n i t o r e d  c o n t i n u o u s l y ,  t h e  
o i l - l e v e l  s e n s o r  w i l l  b e  d i s c a r d e d . )  O t h e r  i n s t r u m e n t a t i o n  
p r o b l e m s ,  a s s o c i a t e d  w i t h  t h e  mass s p e c t r o m e t e r ,  r o t a t i n g  
t e m p e r a t u r e  m e a s u r e m e n t s ,  v i b r a t i o n  s e n s i n g  a n d  i n c o r p o r a t i o n  
o f  t h e  IBM s y s t e m  a s  a d a t a  c o l l e c t o r  were r e s o l v e d  a s  d i s -  
c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  
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a .  Mass  S p e c t r o m e t e r  

A Model  12 -101A m a s s  s p e c t r o m e t e r ,  o p e r a t i n g  o n  t h e  
t i m e - o f - f l i g h t  p r i n c i p l e  a n d  s u p p l i e d  b y  t h e  B e n d i x  C o r p o r a t i o n  
o f  C i n c i n n a t i ,  O h i o ,  h a s  b e e n  i n s t a l l e d .  I t  h a s  b e e n  s e t  u p  t o  
f u n c t i o n  u n d e r  t h e  c o n t r o l  o f  t h e  IBM d a t a  c o n t r o l  s y s t e m  t o  w o r k  
i n  c o n j u n c t i o n  w i t h  t h e  s a m p l e  h a n d l i n g  a n d  v a l v e  p r o g r a m m e r  made  
b y  t h e  N u c l i d e  C o r p o r a t i o n  o f  S t a t e  C o l l e g e ,  P e n n s y l v a n i a ,  s o  t h a t  
s e q u e n t i a l  s a m p l i n g  f r o m  f o u r  c h a m b e r s  c a n  b e  a c h i e v e d  a u t o m a t i c a l l y .  

The  IBM c o m p u t e r  i n i t i a t e s  a g a s  s a m p l i n g  s e q u e n c e  b y  way 
o f  t h e  N u c l i d e  s a m p l e  h a n d l i n g  s y s t e m .  T h e  s a m p l i n g  s e q u e n c e  i s  a s  
f o l l o w s :  Pump a n d  p u r g e  0-4  m i n u t e s ,  a d m i t  g a s  t o  t h e  s p e c t r o -  
me te r  a t  t h e  e n d  o f  t h e  4 t h  m i n u t e ,  s t a b i l i z e  f o r  r e a d o u t  4-6 
m i n u t e s ,  r e a d  a t  t h e  e n d  o f  t h e  6 t h  m i n u t e .  

T h e  s i g n a l s  f r o m  t h e  m a s s  s p e c t r o m e t e r  may b e  r e c o r d e d  i n  I 
a n y  c o m b i n a t i o n  o f  t h e  f o l l o w i n g  t h r e e  w a y s :  I 

(1 )  P e n - c h a r t  r e c o r d .  
( 2 )  M a n u a l  r e a d - o u t  o f  t h e  meter  o n  t h e  e l e c t r o m e t e r  c i r c u i t .  
( 3 )  A s e l e c t e d  p e a k  ( s u c h  a s  H e l i u m )  c a n  b e  r e c o r d e d  b y  

t h e  IBM c o m p u t e r  a s  a m i l l i v o l t  s i g n a l ,  w h i c h  i s  a 
f u n c t i o n  o f  t h e  c o n c e n t r a t i o n  o f  t h e  s e l e c t e d  i o n .  

P r e - a n a l y z e d  g a s  s a m p l e s  h a v e  b e e n  p r o c u r e d  f o r  s e n s i t i v i t y  
t e s t  a n d  c a l i b r a t i o n  o f  t h e  s p e c t r o m e t e r .  T e s t s  show t h a t  t h i s  
i n s t r u m e n t  is c a p a b l e  o f  d e t e c t i n g  by  b o t h  m a n u a l  a n d a o m p u t e r  
m o n i t o r i n g ,  l e s s  t h a n  100 p a r t s  p e r  m i l l i o n  (0 .01%) o f  h e l i u m  i n  
a b a l a n c e  o f  n i t r o g e n .  A h e l i u m  c a l i b r a t i o n  c u r v e  w a s  o b t a i n e d  b y  
i n t r o d u c i n g  t h e  p r e - a n a l y z e d  g a s  s a m p l e s  c o n t a i n i n g  l . O % ,  0 .1% a n d  
0.01% h e l i u m  i n  n i t r o g e n .  O v e r  t h i s  r a n g e ,  a l i n e a r  r e l a t i o n s h i p  
b e t w e e n  c o n c e n t r a t i o n  a n d  r e s p o n s e  was o b t a i n e d .  A s i m i l a r  c a l i -  
b r a t i o n  c u r v e  f o r  o x y g e n  w a s  a l s o  c o m p l e t e d  u s i n g  p r e - a n a l y z e d  s a m p l e s  
c o n t a i n i n g  1.0% a n d  0.1% o x y g e n  i n  n i t r o g e n .  M e t h a n e  c a l i b r a t i o n  i s  
now b e i n g  p e r f o r m e d  w i t h  t h e  H o n e y w e l l  r e c o r d i n g  s y s t e m  w h i c h  was 
j u s t  r e c e i v e d .  

i 
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The instrument was utilized manually to analyze gas samples 
from the recirculating rig during the XRM-177F and Turbo S runs. 
The oxygen content inboth the interseal and test bearing cavities 
was between 0.04 and 0.05% during both runs.* 

During the test with MCS-293 oil under nitrogen blanketing, 
an attempt was made to operate the mass spectrometer automatically 
with the computer. The results obtained are questionable because of 
a solenoid valve failure in the spectrometer which resulted in im- 
proper purging of the sample chambers giving non-representative 
samples and because of an error in the computer program such that 
the location of sampling was questionable. These points have been 
remedied. 

During the open atmosphere MCS-293 test, a mass spectrometer 
analysis of the atmosphere in the test bearing chamber was obtained, as 
shown in Enclosure 49. However, the mass spectrometer was not utilized 
for test seal leak detection due to a temporary sticking linkage in 
the helium tracer mixing system. The positive displacement meter was 
used to monitor seal leakage in this test, and the mixing system 
worked satisfactorily in subsequent tests. 

b .  Slip Rings and Connector Assembly 

Mercury wetted slip-ring units having 16 rings shown in 
Enclosure 13, were constructed as discussed in the Second Semiannual 
Report ( 2 )  and have been used successfully on both rigs. Testing with 
the first units having stainless steel rings was not satisfactory, 
due to overheating and rubbing of some surfaces, to shorting between 
rings and to lack of good electrical contact through the channels, 
presumably since the mercury did not wet the stainless steel con- 
sistzctl;.. T!I.P d e c l r ~ n  was modified to provide larger clearance spaces, 
the insulating plastic parts were coated with a non-wetting fiuoro- 
carbon film and copper rings and inserts were substituted for the 
mercury-wetted stainless steel parts. Screening tests have been con- 
ducted with one such modified unit with very promising results. 
Temperature errors associated with the use of non-thermocouple materials 
in the slip-rings, discussed in Appendix V I  are minimized by cooling 

*It has since been discovered that the mass spectrograph gave 
erroneously high oxygen analysis because of excessive broadening 
of the nitrogen peak. This difficulty has now been c u i i e e t e d .  
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b o t h  t h e  r o t a t i n g  a n d  s t a t i o n a r y  c o n n e c t o r s  t o  e s s e n t i a l l y  t h e  
s a m e  t e m p e r a t u r e ,  T h e  l a c k  o f  s i g n i f i c a n t  t e m p e r a t u r e  e r r o r  w i l l  
b e  v e r i f i e d  i n  s p e c i a l  c a l i b r a t i o n  t e s t s .  

P r e l i m i n a r y  b e n c h  t e s t i n g  o f  a s i n g l e  m e r c u r y - w e t t e d  
c o p p e r  s l i p - r i n g  i n d i c a t e d  t h a t  p r o l o n g e d  r u n n i n g  w i l l  r e s u l t  i n  
e x c e s s i v e  a m a l g a m a t i o n  a n d  t h i c k e n i n g  o f  t h e  m e r c u r y ,  t h u s  
r e q u i r i n g  p e r i o d i c  o v e r h a u l  o f  t h e  s l i p - r i n g  a s s e m b l y .  F o r  t h i s  
r e a s o n ,  s p e c i a l  s t e p s  were t a k e n  t o  p r o v i d e  e f f i c i e n t  c o o l i n g  o f  
t h e  m e r c u r y - w e t t e d  p a r t s  t o  r e t a r d  t h i s  a m a l g a m a t i o n  a n d  n o  
o v e r h a u l  o f  a c o m p l e t e  a s s e m b l y  h a s  y e t  b e e n  r e q u i r e d .  

c .  R a d i o  T r a n s m i t t e r  S y s t e m  

I n  o r d e r  t o  p r o v i d e  b a c k - u p  i n s t r u m e n t a t i o n  f o r  t h e  
t h e r m o c o u p l e  s l i p  r i n g s ,  a t h e r m o c o u p l e  t e l e m e t r y  s y s t e m  w a s  
p u r c h a s e d  f r o m  I n d u s t r i a l  E l e c t r o n e t i c s  C o r p o r a t i o n ,  M e l b o u r n e ,  
F l o r i d a .  T h i s  s y s t e m  u t i l i z e s  a n  FM t r a n s m i t t e r  a n d  r e c e i v e r  t o  
p r o v i d e  a m e a n s  o f  m e a s u r i n g  t e m p e r a t u r e  w i t h o u t  a m e t a l l i c  
c o n n e c t i o n  b e t w e e n  t h e  t h e r m o c o u p l e  a n d  t h e  r e a d o u t  d e v i c e .  T h e  
s y s t e m  i s  shown  i n  b l o c k  d i a g r a m  f o r m  i n  E n c l o s u r e  1 4 .  

A v o l t a g e - c o n t r o l l e d  s u b c a r r i e r  o s c i l l a t o r  i s  u s e d  t o  
g e n e r a t e  a n  o u t p u t  f r e q u e n c y  w h i c h  i s  p r o p o r t i o n a l  t o  t h e  t h e r m o -  
c o u p l e  emf. T h e  s u b c a r r i e r  f r e q u e n c y  m o d u l a t e s  t h e  c a r r i e r  
f r e q u e n c y  o f  t h e  RF o s c i l l a t o r  t o  p r o v i d e  a n  FM o u t p u t  s i g n a l  
f r o m  t h e  t r a n s m i t t e r .  S i n c e  t h e  RF c a r r i e r  f r e q u e n c y  i s  i n  t h e  
88-108 MHZ r a n g e ,  a s t a n d a r d  FM b r o a d c a s t  t u n e r  i s  u s e d  t o  r e c e i v e  
t h e  t r a n s m i t t e d  s i g n a l .  The  r e c e i v e d  s i g n a l  i s  d e m o d u l a t e d  t o  
r e m o v e  t h e  RF c a r r i e r  a n d  t h e n  fed  t o  a d i s c r i m i n a t o r  w h i c h  
c o n v e r t s  t h e  m o d u l a t i n g  f r e q u e n c y  t o  a v o l t a g e  p r o p o r t i o n a l  t o  
t h e  t h e r m o c o u p l e  o u t p u t  v o l t a g e .  An a d j u s t a b l e  D C  " b u c k i n g  v o l t a g e "  
i s  u s e d  t o  p r o v i d e  r e f e r e n c e  j u n c t i o n  c o m p e n s a t i o n .  P o w e r  f o r  
t h e  t r a n s m i t t e r  i s  o b t a i n e d  f r o m  9 - v o l t  b a t t e r i e s .  

T h e  m e c h a n i c a l  a r r a n g e m e n t  o f  t h e  t r a n s m i t t e r  i s  shown  i n  
E n c l o s u r e  15. The  t r a n s m i t t e r  i s  c o m p l e t e l y  e n c a p s u l a t e d  i n  
e p o x y  w h i c h  i s  m o l d e d  t o  f i t  c o n c e n t r i c a l l y  on  t h e  r o t a t i n g  s h a f t .  
F o u r  9 - v o l t  m e r c u r y  b a t t e r i e s ,  c o n n e c t e d  i n  p a r a l l e l ,  a r e  u s e d  t o  
p r o v i d e  p o w e r  f o r  t h e  t r a n s m i t t e r .  T h e  b a t t e r i e s  a r e  c o n t a i n e d  i n  
a h o u s i n g  w h i c h  i s  a l s o  m o u n t e d  on t h e  s h a f t  a n d  r o t a t e s  w i t h  t h e  
t r a n s m i t t e r .  T e s t s  c o n d u c t e d  i n  t h e  B E  8 L a b o r a t o r y  h a v e  shown  
t h a t  b a t t e r y  p e r f o r m a n c e  i s  n o t  a f f e c t e d  by  t h e  s h a f t  r o t a t i o n .  
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T h e  r e c e i v e r  i s  l o c a t e d  o u t s i d e  t h e  t e s t  c e l l .  An a n t e n n a ,  
c o n s i s t i n g  o f  a l e n g t h  o f  c o a x i a l  c a b l e  p a s s i n g  t h r o u g h  t h e  
w a l l  o f  t h e  t e s t  c e l l  a n d  t e r m i n a t i n g  w i t h i n  a few f e e t  o f  t h e  
t r a n s m i t t e r ,  i s  u s e d  t o  i n s u r e  good  r e c e p t i o n  o f  t h e  t r a n s m i t t e d  
s i g n a l .  T h e  r e c e i v e r  o u t p u t  s i g n a l  i s  i n  t h e  0-2  v o l t  r a n g e .  
A p r e c i s i o n  v o l t a g e  d i v i d e r  i s  c o n n e c t e d  a c r o s s  t h e  r e c e i v e r  o u t p u t  
t o  p e r m i t  m e a s u r e m e n t  o f  t h e  t e l e m e t e r e d  t e m p e r a t u r e  u s i n g  c o n v e n -  
t i o n a l  t h e r m o c o u p l e  i n s t r u m e n t a t i o n .  I t  i s  p l a n n e d  t o  m o n i t o r  
t h i s  t e m p e r a t u r e  o n  t h e  IBW s y s t e m ,  a n d  t h e r e f o r e  t h e  r e f e r e n c e  
j u n c t i o n  c o m p e n s a t i o n  was a d j u s t e d  f o r  a j u n c t i o n  t e m p e r a t u r e  
e q u a l  t o  t h e  IBM c a b i n e t  t e m p e r a t u r e .  S i n c e  t h e  a c t u a l  j u n c t i o n  
t e m p e r a t u r e  a t  t h e  t r a n s m i t t e r  v a r i e s  c o n s i d e r a b l e  d u r i n g  t h e  
c o u r s e  o f  a t e s t ,  a s t a t i o n a r y  t h e r m o c o u p l e ,  l o c a t e d  n e a r  t h e  
t r a n s m i t t e r ,  i s  u s e d  t o  m e a s u r e  the a c t u a l  j u n c t i o n  t e m p e r a t u r e  
f o r  l a t e r  c o r r e c t i o n  o f  t h e  t r a n s m i t t e d  t e m p e r a t u r e s  m e a s u r e d  b y  
t h e  r o t a t i n g  t h e r m o c o u p l e .  

C a l i b r a t i o n  o f  t h e  s y s t e m  w a s  a c c o m p l i s h e d  b y  m e a s u r i n g  
t h e  v o l t a g e  p r o d u c e d  a t  t h e  r e c e i v e r  o u t p u t  t e r m i n a l s  w i t h  t h e  
t h e r m o c o u p l e  immersed i n  a s m a l l  p o r t a b l e  f u r n a c e .  T h e  f u r n a c e  
t e m p e r a t u r e  w a s  m e a s u r e d  u s i n g  a p l a t i n u m  t h e r m o c o u p l e ,  w h o s e  
c a l i b r a t i o n  i s  t r a c e a b l e  t o  t h e  N a t i o n a l  B u r e a u  o f  S t a n d a r d s ,  
i n  c o n j u n c t i o n  w i t h  a p o r t a b l e  p r e c i s i o n  p o t e n t i o m e t e r .  T h e  
r e f e r e n c e  j u n c t i o n  t e m p e r a t u r e  t h r o u g h o u t  t h e  c a l i b r a t i o n  w a s  
72OF.  E n c l o s u r e  16 p r e s e n t s  a p l o t  o f  r e c e i v e r  o u t p u t  v o l t a g e  
v s .  t e m p e r a t u r e .  I t  i s  s e e n  t h a t ,  a t  a n y  g i v e n  t e m p e r a t u r e ,  t h e  
r e c e i v e r  o u t p u t  v o l t a g e  i s  g r e a t e r  t h a n  t h e  o u t p u t  v o l t a g e  o f  a n  
I r o n - C o n s t a n t a n  c o u p l e  b y  a f a c t o r  o f  75. T h e r e f o r e ,  a v o l t a g e  
d i v i d e r ,  i n  a r a t i o  o f  7 5 : 1 ,  was  c o n n e c t e d  a c r o s s  t h e  r e c e i v e r  
o u t p u t  i n  o r d e r  t o  p r o v i d e  a v o l t a g e  e q u a l  t o  t h e  t h e r m o c o u p l e  
emf. A m e a s u r e m e n t  a c c u r a c y  o f  + 0 . 4 %  t o  3 . 5 % ,  c o r r e s p o n d i n g  t o  a n  
e r r o r  o f  3 5 O F  a t  lOOOOF a n d  3OF a t  750°F i s  o b t a i n e d  u s i n g  t h i s  

I 

I 

1 
j 
I m e t h o d ,  w h i c h  i s  c o n s i d e r e d  s a t i s f a c t o r y .  

d .  V i b r a t i o n  S e n s i n g  S y s t e m  

A v i b r a t i o n  s e n s i n g  s y s t e m  h a s  b e e n  i n c o r p o r a t e d  f o r  
u s e  o n  b o t h  t h e  r e c i r c u l a t i n g  a n d  m i s t  t e s t  r i g s .  An u l t r a - h i g h  
t e m p e r a t u r e  a c c e l e r o m e t e r  c a n  b e  m o u n t e d  i n  a n y  o f  t h r e e  p l a n e s  
t o  s e n s e  r i g  h o u s i n g  v i b r a t i o n .  T h e  s i g n a l  i s  a p p l i e d  t o  an  
a c c e l e r o m e t e r  a m p l i f i e r  s y s t e m  l o c a t e d  i n  t h e  c o r r i d o r  c o n s o l e  
a r e a .  A f t e r  a m p l i f i c a t i o n ,  t h e  v i b r a t i o n  s i g n a l  i s  r e c t i f i e d ,  
f i l t e r e d  a n d  a p p l i e d  t o  a l e v e l  d i s c r i m i n a t i n g  c i r c u i t  ( F i g u r e  1 ,  
E n c l o s u r e  1 7 ) .  
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D u r i n g  e a c h  t e s t ,  a f t e r  t h e  s h a f t  h a s  r e a c h e d  t h e  r e q u i r e d  
t e s t  s p e e d ,  t h e  a m p l i f i e r  g a i n  i s  a d j u s t e d  t o  p r o d u c e  an  a r b i -  
t r a r y  l e v e l ,  f r o m  o n e  t o  s e v e n ,  on t h e  l i n e a r  v i b r a t i o n  p a n e l  
meter .  I f  t h e  a v e r a g e  v i b r a t i o n  s h o u l d  i n c r e a s e  t o  a l e v e l  o f  e i g h t ,  
t h e  l e v e l  d i s c r i m i n a t i o n  w i l l  e f f e c t  a r i g  s h u t d o w n  a n d  l i g h t  
t h e  v i b r a t i o n  s h u t d o w n  l a m p .  

F r e q u e n c y  r e s p o n s e  o f  t h e  l e v e l  d i s c r i m i n a t o r  i s  shown  
i n  F i g u r e  2 ,  E n c l o s u r e  17.  I f  i t  i s  d e s i r e d  t o  m o n i t o r  a p a r t i -  
c u l a r  f r e q u e n c y ,  a b a n d p a s s  f i l t e r  may b e  i n s e r t e d  b e t w e e n  t h e  
a m p l i f i e r  a n d  t h e  l e v e l  d i s c r i m i n a t o r .  

P r o v i s i o n s  h a v e  b e e n  made  f o r  m o u n t i n g  t h e  a c c e l e r o m e t e r  
t o  b e  s e n s i t i v e  t o  v i b r a t i o n s  i n  a n y  o f  t h e  t h r e e  o r t h o g o n a l  
a x e s  o f  e a c h  r i g .  D u r i n g  f u t u r e  t e s t s  t y p i c a l  v i b r a t i o n  s p e c t r a  
w i l l  b e  o b t a i n e d  a b o u t  t h e s e  t h r e e  a x e s  t o  f i n d  t h e  b e s t  p o s i t i o n  
t o  d e t e c t  i m p e n d i n g  b e a r i n g  f a i l u r e .  

T h e  v i b r a t i o n  d e t e c t o r  i s  a r e d u n d a n t  f a i l u r e  d e t e c t i o n  
s y s t e m  a n d  was n o t  u s e d  o n  t e s t s  t o  d a t e .  No d i f f i c u l t y  w a s  
e n c o u n t e r e d  i n  e a r l y  d e t e c t i o n  o f  f a i l u r e s  o f  s c r e e n i n g  t e s t s ,  
b u t  t h e  v i b r a t i o n  d e t e c t o r  w i l l  s e r v e  w e l l  i n  e n d u r a n c e  t e s t s .  

e. I B M  C o l l e c t i o n  o f  D a t a  

A p r o g r a m  h a s  b e e n  d e v e l o p e d  f o r  t h e  5 ES LF L a b o r a t o r y ' s  
IBM s y s t e m  t o  c o l l e c t  a n d  s u m m a r i z e  a l l  t e s t  d a t a .  T h i s  p r o g r a m  
h a s  b e e n  u s e d  s u c c e s s f u l l y  d u r i n g  t h e  s c r e e n i n g  t e s t s  t o  a u g m e n t  
t h e  m a n u a l  r e c o r d i n g  o f  d a t a .  A few p o i n t s  h a v e  m a l f u n c t i o n e d  
i n  e a c h  t e s t ,  b u t  i t  i s  e x p e c t e d  t h a t  m a n u a l  d a t a  l o g g i n g  w i l l  
b e  c o m p l e t e l y  r e p l a c e d  b y  t h e  IBM s y s t e m  when r e l i a b l e  o p e r a -  
t i o n  c a n  b e  d e m o n s t r a t e d .  

A l l  d a t a  p o i n t s  o n  t h e  r i g ( s )  a r e  s a m p l e d  e v e r y  s i x  
u i i i i u i e s  a n d  t h e  i n f o r m a t i o n  s t o r e d  i n  memory .  On command ( g i v e n  
b y  t h e  t e s t - o f f  s i g n a l )  t h e  f o l l o w i n g  i n f o r m a t i o n  i s  p r i n t e d  o u t  
f o r  e a c h  p o i n t :  

(1 )  t h e  f i r s t ,  s e c o n d ,  f o u r t h  a n d  s e v e n t h  p o i n t s  a f t e r  t h e  

( 2 )  t h e  l a s t  t h r e e  p o i n t s  p r e c e e d i n g  s h u t d o w n .  
(3) t h e  maximum, minimum,  a n d  a v e r a g e  v a l u e s  o f  t h e  p o i n t  

s t a r t  s i g n a l .  

( t a k e n  b e t w e e n  t h e  e i g h t h  p o i n t  a f t e r  s t a r t - u p  a n d  
t h e  t h i r d  p o i n t  b e f o r e  s h u t d o w n ) .  

( 4 )  t h e  two p o i n t s  i m m e d i a t e l y  p r e c e e d i n g  t h e  maximum v a l u e .  

I f  u p o n  e x a m i n a t i o n  o f  t h i s  summary  m o r e  d e t a i l e d  i n f o r m a t i o n  
i s  d e s i r e d ,  a l l  d a t a  f o r  e a c h  p o i n t  may b e  p r i n t e d  o u t .  
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v. TEST RESULTS 

1. R e c i r c u l a t i n a  Ria  - 6 0 0 ° F  S c r e e n i n a  T e s t s  - 

A l l  t e s t s  r u n  i n  t h e  r e c i r c u l a t i n g  r i g  d u r i n g  t h i s  r e p o r t  
p e r i o d  u s e d  t h e  o r i g i n a l  4 5 9 9 8 1 A  (now d e s i g n a t e d  4 5 9 9 8 1 E )  b e a r i n g s  o f  
S e r i e s  I d e s i g n  (M50 m a t e r i a l ) .  A l l  t e s t  s e a l s  ( a i r  a n d  o i l )  were 
f i t t e d  w i t h  AM350 b e l l o w s .  T e s t i n g  i s  r e p o r t e d  i n  c h r o n o l o g i c a l  o r d e r .  
S p e c i f i e d  t e s t  c o n d i t i o n s  a r e  d e s c r i b e d  o n  P a g e  6 o f  t h i s  r e p o r t  a n d  
i n  A p p e n d i x  I o f  t h e  S e c o n d  S e m i - A n n u a l  R e p o r t  ( 2 ) .  

T e m p e r a t u r e - v i s c o s i t y  p r o p e r t i e s  o f  t h e  r e c i r c u l a t i n g  t e s t  
o i l s  a r e  g i v e n  i n  E n c l o s u r e  8 .  I n n e r - r i n g  t e m p e r a t u r e s  were o b t a i n e d  
d u r i n g  s e v e r a l  o f  t h e  l a t e r  t e s t s  f r o m  t e m p e r a t u r e  s e n s i t i v e  p a i n t s  
u s e d  on s o m e  o f  t h e  r o t a t i n g  p a r t s  n o t  e x p o s e d  t o  o i l ,  b u t  were n o t  
a v a i l a b l e  o n  a c o n t i n u o u s  b a s i s  f o r  a n y  o f  t h e  t e s t s  b e c a u s e  o f  s l i p -  
r i n g  p r o b l e m s .  

T e s t  o i l  was s u p p l i e d  t o  t h e  t e s t  b e a r i n g  b y  j e t  r i n g s ,  o n e  o n  
e a c h  s i d e  o f  t h e  b e a r i n g ,  a s  d e s c r i b e d  i n  t h e  p r e v i o u s  r e p o r t s .  A l l  
t e s t s  were c o n d u c t e d  u s i n g  s i x  1/16" d i a m e t e r  j e t s  p e r  r i n g .  T e s t  
o i l  was s u p p l i e d  t o  t h e  r o l l e r  b e a r i n g  b y  m e a n s  o f  o n e  j e t  r i n g  h a v i n g  
t h r e e  1/16" d i a m e t e r  j e t s .  T h e  f l o w  meter  m e a s u r e s  o n l y  t h e  o i l  g o i n g  
t o  t h e  t e s t  b e a r i n g .  T h e  c l e a n i n g  p r o c e d u r e  d e s c r i b e d  i n  A p p e n d i x  V I  w a s  
d e v e l o p e d  t o  e l i m i n a t e  c o n t a m i n a t i o n  when c h a n g i n g  f r o m  o n e  t e s t  o i l  t o  
a n o t h e r .  

E n c l o s u r e  18 p r e s e n t s  a summary o f  t h e  h e a t  r e j e c t e d  t h r o u g h  
t h e  t e s t  o i l ,  b a s e d  o n  o i l  t e m p e r a t u r e s  a n d  f l o w  r a t e s  o b s e r v e d  d u r i n g  
t e s t i n g .  

a .  E s s o  4 0 4 0  (MIL-L-7808E)  ( N i t r o a e n  B l a n k e t )  

Two t e s t  b e a r i n g s  w e r e  t e s t e d  u s i n g  t h i s  o i l  a t  f l o w  r a t e s  
b e t w e e n  a p p r o x i m a t e l y  0.5 a n d  5 gpm. S e v e r a l  r u n s  were made w i t h  
e a c h  b e a r i n g .  S u m m a r i e s  o f  t h e  d a t a  f o r  s e v e r a l  h o t  r u n s  a r e  g i v e n  
i n  A p p e n d i x  11, p a g e s  2 - 1  t o  2-6.  

U s i n g  t h e  f i r s t  t e s t  b e a r i n g  (No. 9 2 4 1 0 4 1 ,  a b o u t  5.5 h o u r s  
o f  t e s t i n g  was a c c o m p l i s h e d  a t  t e s t  b e a r i n g  o u t e r - r i n g  t e m p e r a t u r e s  
b e t w e e n  4 0 0  a n d  6 0 0 0 F .  Of t h i s  t i m e ,  1.8 h o u r s  w e r e  a t  f u l l  s c r e e n i n g  
t e s t  c o n d i t i o n s  w i t h  t h e  e x c e p t i o n  of o i l - i n l e t  t e m p e r a t u r e  w h i c h  was 
a b o u t  5 5 0 ° F  ( s e e  d a t a  s h e e t s ) .  O i l  f l o w  was i n  t h e  5 gpm r e g i o n .  

F u l l  t e s t  c o n d i t i o n s  w e r e  r e a c h e d  on two  o c c a s i o n s ,  o n c e  
f o r  1.5 h o u r s  a n d  o n c e  f o r  0.3 h o u r s .  T h e  f i r s t  t e s t  was t e r m i n a t e d  
w h e n  t h e  d r i v e  b e l t  b e g a n  b r e a k i n g  u p  a n d  o n e  o f  t h e  p i e c e s  c u t  t h e  

-21- 



o i l  s u p p l y  l i n e  t o  t h e  j a c k s h a f t .  T h e  s e c o n d  t e s t  was t e r m i n a t e d  when 
t h e  t e s t  b e a r i n g  c h a m b e r  v e n t  l i n e  f a i l e d  a t  a n  e l b o w  a n d  c a u s e d  a b o u t  
h a l f  o f  t h e  t e s t  o i l  t o  b e  l o s t .  T h i s  f a i l u r e  c a n  p r o b a b l y  b e  a t t r i b u t e d  
t o  f a t i g u e  c a u s e d  b y  v i b r a t i o n .  A t t e m p t s  t o  r e s t a r t  t h e  t e s t  a f t e r  
t h i s  were t h w a r t e d  b y  r e c u r r e n t  s h e a r - p i n  f a i l u r e s  i n  t h e  d r i v e  s y s t e m ,  
i n d i c a t i n g  a s i g n i f i c a n t  i n c r e a s e  i n  t o r q u e  o v e r  t h a t  r e q u i r e d  t o  

~ o p e r a t e  t h e  r i g  e a r l i e r  i n  t h i s  t e s t ,  

1 

T o t a l  s e a l  l e a k a g e  t h r o u g h  b o t h  t h e  o i l  a n d  t h e  a i r  t e s t  
s e a l s ,  e x c e p t  f o r  t r a n s i e n t s  a t  each s t a r t - u p ,  v a r i e d  b e t w e e n  1 . 6  a n d  
9 . 6  scfm d u r i n g  t hese  r u n s ,  w i t h  t h e  h i g h e s t  f l o w  o c c u r r i n g  a t  t h e  
e n d  o f  t h e  t e s t .  ( P e r m i s s i b l e  maximum i s  5 scfm t h r o u g h  e i t h e r  t e s t  
s e a l .  1 

T h e  a c i d  n u m b e r  o f  t h e  o i l  i n c r e a s e d  s i g n i f i c a n t l y  d u r i n g  
t h e  t e s t  ( f r o m  0 . 4 4  f o r  new,  d e g a s s e d  o i l  t o  0 . 8 0  f o r  t h e  l a s t  s a m p l e  
t e s t e d ,  E n c l o s u r e  10) e v e n  t h o u g h  a c o n s i d e r a b l e  a m o u n t  o f  new o i l  
was  a d d e d  t o  t h e  s y s t e m  t o  r e p l a c e  l o s s e s  d u e  t o  l e a k a g e  a n d  o t h e r  
c a u s e s .  T h e r e  w a s  v e r y  l i t t l e  e v i d e n c e  o f  o i l  d e p o s i t s  i n  t h e  r i g ,  
a s  s h o w n  i n  E n c l o s u r e  2 0 .  

A f t e r  t h e  s e c o n d  o f  t h e s e  r u n s ,  i t  was f o u n d  t h a t  t h e  h o t  
a i r  i n l e t  p i p i n g  t o  t h e  m a n i f o l d  was b u c k l e d  a n d  t w i s t e d ,  a s  shown i n  
E n c l o s u r e  19. I n  a d d i t i o n ,  t h e  c o n n e c t i o n  t o  t h e  h e a t e r  was b e n t ,  
a l t h o u g h  t h i s  c o n d i t i o n  d i d  n o t  i n d i c a t e  t e m p e r a t u r e  d a m a g e  t o  t h e  
h e a t e r  i t s e l f ,  a c c o r d i n g  t o  t h e  m a n u f a c t u r e r .  Upon d i s a s s e m b l y ,  
s e v e r a l  g r a m s  o f  a m a g n e t i c  m e t a l  p o w d e r  was f o u n d  i n  t h e  h o t - a i r  
m a n i f o l d  ( s e e  E n c l o s u r e  19) .  a s  d i s c u s s e d  i n  a n  e a r l i e r  s e c t i o n  
o f  t h i s  r e p o r t  u n d e r  H o t  A i r  System. Some o f  t h e  s a m e  p o w d e r  was 
f o u n d  i n  t h e  h o t - a i r  e x i t  f r o m  t h e  a i r  h e a t e r .  

T h e  r i g  s e a l  ( E n c l o s u r e  2 1 )  was f o u n d  t o  be  i n  g o o d  c o n d i t i o n  
( w i t h  t h e  e x c e p t i o n  o f  t h e  s i l i c n n c ~ ’ ~ h 5 e r  Azzn_pi:~ r i n g  x h i c h  h a s  been 
r e p l a c e d  i n  s u b s e q u e n t  t e s t s  w i t h  a s b e s t o s )  as was t h e  o i l  s e a l  
( E n c l o s u r e  23). T h e  c a r b o n  s u r f a c e  o f  t h e  a i r  s e a l  was b a d l y  s c o r e d  
( E n c l o s u r e  2 2 ) .  F r o m  t h e  r o u n d e d  c o n d i t i o n  o f  t h e  r a d i a l  s l o t s  
l o c a t e d  i n b o a r d  f r o m  t h e  dam a n d  t h e  p r e s e n c e  o f  t h e  m e t a l l i c  p o w e r  
i n  t h e  h o t - a i r  m a n i f o l d ,  i t  i s  c o n c l u d e d  t h a t  s e a l  d a m a g e  w a s  c a u s e d  
b y  t h e  a b r a s i v e  a c t i o n  o f  t h e  m e t a l  p o w d e r  c o m i n g  f r o m  t h e  a i r  h e a t e r .  
T h e  c o n d i t i o n  o f  t h i s  s e a l  a p p e a r s  t o  e x p l a i n  t h e  h i g h  l e a k a g e  r a t e  
( a p p r o x i m a t e l y  9.6 scfm) s e e n  t o w a r d  t h e  e n d  o f  t h e  s e c o n d  r u n  a t  f u l l  
t e s t  c o n d i t i o n s .  



E x a m i n a t i o n  o f  t h e  b e a r i n g  s h o w e d  t h a t  t h e  r o l l e r s  o f  
t h e  r i g  r o l l e r  b e a r i n g  were,  a f t e r  o n e  o f  t h e  e a r l i e r  r u n s  i n  
t h i s  t e s t  s e r i e s ,  b a d l y  g l a z e d  a n d  d e n t e d ;  even t h e u g h  s t i l l  
o p e r a b l e ,  a p p a r e n t l y  f r o m  e x t r a n e o u s  d e b r i s  t h a t  h a d  e n t e r e d  t h e  
r o l l e r  b e a r i n g .  ( T h e  s o u r c e  o f  d e b r i s ,  a c o r r o d e d  l o w - c a r b o n  
s t e e l  s p a c e r  r i n g ,  w a s  e l i m i n a t e d  i n  s u b s e q u e n t  t e s t s . )  T h e  c o n -  
d i t i o n  o f  t h e  r o l l e r  t r a c k s  o n  t h e  i n n e r  a n d  o u t e r  r i n g s  w a s  
c o n s i d e r e d  g o o d  w i t h  r e l a t i v e l y  l i t t l e  g l a z i n g  p r e s e n t .  

E v i d e n c e  o f  c o n s i d e r a b l e  s u r f a c e  d i s t r e s s  ( g l a z i n g  a n d  
m i c r o p i t t i n g )  w a s  seen i n  b o t h  t h e  i n n e r  a n d  o u t e r  r i n g  b a l l  t r a c k s  
i n  t h e  t e s t  b e a r i n g ,  s h o w n  i n  E n c l o s u r e  2 4 .  I n  a d d i t i o n ,  t h e r e  w a s  
h e a v y  c a g e  p o c k e t  w e a r  ( E n c l o s u r e  251,  t h e  s i l v e r  p l a t i n g  b e i n g  w o r n  
t h r o u g h  i n  s o m e  s p o t s .  Some s l i g h t  w e a r  o n  t h e  OD o f  t h e  c a g e  w a s  
a l s o  s e e n .  T h e  b a l l s  a p p e a r e d  i n  good c o n d i t i o n ,  e x c e p t  f o r  s o m e  
g l a z i n g  a n d  s l i g h t  p i t t i n g .  Some v a r n i s h  d e p o s i t s  were s e e n  o n  t h e  
t e s t  b e a r i n g .  

T h e r e  w a s  t h e  p o s s i b i l i t y  t h a t  t h e  t e s t  b e a r i n g  f a i l u r e  
may h a v e  b e e n  i n f l u e n c e d  by t h e  l o s s  o f  t e s t  o i l  w h i c h  c a u s e d  termi- 
n a t i o n  o f  t h e  s e c o n d  o f  t h e  a b o v e  m e n t i o n e d  r u n s .  I t  w a s  a l s o  d e s i r e d  
t o  g o  t o  a l o w e r  o i l  f l o w  r a t e  i n  a n  a t t e m p t  t o  s e c u r e  t h e  1 0 0 ° F  
t e m p e r a t u r e  d i f f e r e n t i a l  s p e c i f i e d  b e t w e e n  t h e  i n l e t  o i l  t e m p e r a t u r e  
a n d  t h e  o u t e r  r i n g  o f  t h e  t e s t  b e a r i n g .  I t  w a s  a c c o r d i n g l y  d e c i d e d  
t o  r e t e s t  w i t h  n e w  b e a r i n g s .  Two r u n s  were m a d e  on  t h e  r e p l a c e m e n t  
b e a r i n g s .  

D u r i n g  t h e  f i r s t  o f  t h e s e  r u n s  ( i n  c o n j u n c t i o n  w i t h  a c h e c k -  
o u t  o f  t h e  h o t - a i r  h e a t e r ) ,  t h e  t e s t  b e a r i n g  was a t  f u l l  l o a d  a n d  
s p e e d  f o r  a b o u t  5 h o u r s  w i t h  a n  o i l  f l o w  o f  1 gpm. O f  t h i s ,  a p p r o x i -  
m a t e l y  0.5 h o u r s  w a s  a t  f u l l  t e m p e r a t u r e  c o n d i t i o n s  ( 5 8 0 ' F  b e a r i n g  
o u t e r  r i n g ,  6 5 0 ° F  b e a r i n g  h o u s i n g ,  118O0F a i r - i n  a n d  500°F o i l - i n ) .  
S e a l  l e a k a g e  d u r i n g  t h i s  r u n  ( w i t h  t h e  e x c e p t i o n  o f  s t a r t i n g  t r a n s i e n t s )  
w a s  i n  t h e  1 - 4  scfm r a n g e .  

I t  was  o b s e r v e d  t h a t  d u r i n g  t h i s  t e s t  t h e  t e m p e r a t u r e  d i f -  
f e r e n t i a l  b e t w e e n  t h e  o i l  s u p p l y  a n d  t h e  b e a r i n g  o u t e r - r i n g  o p e r a t i n g  
t e m p e r a t u r e  w a s  a b o u t  8 0 ° F ,  f o r  a n  o i l  f l o w  o f  a p p r o x i m a t e l y  1 gpm. 
I n  p r e v i o u s  t e s t s ,  i t  w a s  f o u n d  t h a t  t h e  d i f f e r e n t i a l  was on  t h e  o r d e r  
sf 42-59'F f o x  a n  o i l  f i o w  o f  3-5 gpm. 
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D u r i n g  t h e  n e x t  r u n ,  a t e s t  b e a r i n g  f a i l u r e  o c c u r r e d  a f t e r  
a b o u t  1 . 4  h o u r s  r u n n i n g  a s  t h e  b e a r i n g  was b e i n g  b r o u g h t  up  t o  t e s t  
c o n d i t i o n s .  O i l  f l o w  w a s  b e t w e e n  0 . 5  a n d  1 gpm. O t h e r  c o n d i t i o n s  
were: 

S p e e d  - 1 4 , 0 0 0  rpm 
L o a d  - 3 2 8 0  l b s .  
S e a l  L e a k a g e  - 1-2  s c f m  ( a f t e r  t h e  u s u a l  i n i t i a l l y  

Tes t  B e a r i n g  O u t e r  R i n g  T e m p e r a t u r e  - 560 'F  
O i l - I n  - 500 'F  
Tes t  B e a r i n g  H o u s i n g  - 5 5 0 ° F  
H o t  A i r  M a n i f o l d  - l lOOOF 

h i g h e r  r a t e )  

E x a m i n a t i o n  o f  t h e  t e s t  b e a r i n g  ( E n c l o s u r e s  2 6  a n d  2 7 )  s h o w e d  
v e r y  h e a v y  w e a r  i n  t h e  c a g e  p o c k e t s  and  l a n d  a r e a s .  T h e  b a l l  p a t h  o n  
t h e  o u t e r  r i n g  a p p e a r e d  i n  g o o d  c o n d i t i o n ;  h o w e v e r ,  t h e  l o a d e d  i n n e r  
r i n g  s h o w e d  some s i g n s  o f  s m e a r i n g .  T h e  b a l l s  a n d  t e s t  s e a l s  a p p e a r e d  
i n  g o o d  c o n d i t i o n .  

B a s e d  o n  t h e  r e s u l t s  o f  t h e s e  t e s t s  a n d  c o m p a r e d  w i t h  t h o s e  
f r o m  s u b s e q u e n t  t e s t s  w i t h  o t h e r  o i l s ,  i t  i s  c o n c l u d e d  t h a t  t h e  Esso 
4 0 4 0  l u b r i c a n t  t e s t e d  c a u s e s  l u b r i c a t i o n  d i s t r e s s  i n  t h e  t e s t  b e a r i n g  
( g l a z i n g ,  m i c r o p i t t i n g ,  some s m e a r i n g )  a t  600'F t e s t  c o n d i t i o n s  and  
w i l l  n o t  b e  t e s t e d  a t  a h i g h e r  t e m p e r a t u r e .  

b .  S o c o n y  M o b i l  XRM 1 7 7 F  ( N i t r o q e n  B l a n k e t )  

T h i s  o i l  i s  t h e  m o s t  v i s c o u s  t o  b e  u s e d  i n  t h e  r e c i r c u l a t i n g  
r i g .  A t  a t e m p e r a t u r e  o f  5 0 0 ° F ,  t h e  v i s c o s i t y  o f  t h i s  o i l  i s  o v e r  
f o u r  t i m e s  g r e a t e r  t h a n  t h e  E s s o  T u r b o  4 0 4 0  o i l  ( M I L - L - 7 8 Q R E )  ?~serl  
p r e v i o u s l y  ( 4  c s  vs. 0.9 c s ) .  Two h o t  r u n s  were m a d e  w i t h  o n e  t e s t  
b e a r i n g .  D a t a  s h e e t s  f o r  t h e s e  r u n s  a r e  i n c l u d e d  a s  P a g e s  2-7 a n d  
2 -8  o f  A p p e n d i x  11. 

D u r i n g  t h e  f i r s t  r u n ,  t h e  b e a r i n g  was t e s t e d  a t  f u l l  l o a d  
a n d  s p e e d  w i t h  t h e  o u t e r - r i n g  t e m p e r a t u r e  o f  6 0 0 ° F  m a i n t a i n e d  f o r  
a b o u t  2 h o u r s .  T e m p e r a t u r e s  s a t i s f y i n g  c o n t r a c t u a l  r e q u i r e m e n t s  were 
r e a c h e d  e v e r y w h e r e  e x c e p t  a t  t h e  o i l  i n l e t  ( 5 5 0 ' F  i n s t e a d  o f  5 0 0 ' F )  
a n d  t h e  t e s t  b e a r i n g  h o u s i n g  ( a p p r o x i m a t e l y  525 'F  i n s t e a d  o f  575'F). 
T h e  l a t t e r  was l i m i t e d  by  h o u s i n g  h e a t e r  f a i l u r e s .  O i l  f l o w s  i n  t h e  
1 t n  4 ~ p m  r z n a e  = e r e  i ised. Seai l e a k a g e  r a t e s  were r a t h e r  h i g h ,  
b e i n g  i n  t h e  4 . 0  t o  4 . 5  s c f m  r a n g e .  S h u t d o w n  w a s  c a u s e d  b y  m a l f u n c t i o n  
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o f  t h e  d r i v e  s y s t e m  ( h u n t i n g ) .  

D u r i n g  t h e  s e c o n d  r u n ,  t h e  b e a r i n g  o u t e r - r i n g  t e m p e r a t u r e  
w a s  m a i n t a i n e d  w i t h i n  t h e  r a n g e  575-6000F f o r  a b o u t  o n e  h o u r .  A l l  
t e m p e r a t u r e s  m o n i t o r e d  were w i t h i n  r e q u i r e m e n t s  e x c e p t  t h e  t e s t  b e a r -  
i n g  h o u s i n g  (450-500OF p a r t l y  d u e  t o  b u r n e d - o u t  h e a t e r s )  a n d  t h e  h o t  
a i r  m a n i f o l d  ( 1 0 0 0 0 F )  d u e  t o  d e t e r i o r a t i o n  o f  t h e  t h e r m a l  i n s u l a t i o n .  
O i l  f l o w  w a s  a p p r o x i m a t e l y  1 gpm. 

I t  was  o b s e r v e d  t h a t  t h e  s e a l  l e a k a g e  r a t e  s t a r t e d  a t  a b o u t  
10 s c f m  a n d  i n c r e a s e d  t o  o v e r  20 scfm d u r i n g  t h e  t e s t .  Mass s p e c t r o m e t e r  
r e a d i n g s  e s t a b l i s h e d  t h a t  t h e  l e a k a g e  was f r o m  t h e  i n t e r s e a l  c a v i t y  
t o  t h e  t e s t  b e a r i n g  c a v i t y  (0 .71% h e l i u m  i n  t h e  i n t e r s e a l  c a v i t y  a n d  
0.57% i n  t h e  t e s t  b e a r i n g  c a v i t y ) .  B e c a u s e  o f  t h i s  h i g h  l e a k a g e  r a t e  
i n t o  t h e  t e s t  b e a r i n g  c h a m b e r ,  t h e  b e a r i n g  c h a m b e r  v e n t  c h o k e d  a n d  
c a u s e d  t h e  b e a r i n g  c a v i t y  p r e s s u r e  t o  i n c r e a s e  ( t o  b e t w e e n  20 a n d  50 
p s i  i n s t e a d  o f  6 p s i ) .  T h i s  p r e s s u r e  a c t s  a g a i n s t  t h e  h o t  a i r  l o a d i n g  
p r e s s u r e  s o  t h a t  t h e  l o a d  o n  t h e  t e s t  b e a r i n g  f l u c t u a t e d  b e t w e e n  
a b o u t  2600 a n d  3100 l b s .  T h e  mass s p e c t r o m e t e r  i n d i c a t e d  t h a t  o x y g e n  
c o n t e n t  i n  b o t h  t h e  b e a r i n g  a n d  i n t e r s e a l  c a v i t i e s  w a s  b e l o w  0.04%. 
T e r m i n a t i o n  o f  t h e  t e s t  was c a u s e d  by e x c e s s i v e  s e a l  l e a k a g e .  

E x a m i n a t i o n  o f  t h e  o i l  s e a l  s h o w e d  c o n s i d e r a b l e  c o k i n g  a r o u n d  
t h e  c a r b o n  p a d s  a n d  i n  t h e  b e l l o w s .  I n  a d d i t i o n ,  t h e  s e a l  r u n n e r  was  
s e v e r e l y  w o r n  a s  s h o w n  i n  E n c l o s u r e  30. D u r i n g  s u b s e q u e n t  c o n s u l t a t i o n  
w i t h  K o p p e r s  G o .  ( t h e  s e a l  s u b c o n t r a c t o r s ) ,  i t  w a s  d e t e r m i n e d  t h a t  t h i s  
h i g h  l e a k a g e  w a s  m o s t  p r o b a b l y  c a u s e d  b y  t o o  l i t t l e  r e m a i n i n g  c a r b o n  
dam h e i g h t .  I f  t h e  dam h e i g h t  is t o o  s h a l l o w ,  g a s  f l o w  t h r o u g h  t h e  
r a c i i a i  s i o l ~ s  ;r, :%e i n b o a r d  s i d e  o f  t h e  s e a l i n g  dam c a n  c h o k e .  T h i s  
r e s u l t s  i n  t h e  p r e s s u r e  d r o p  o f  a p p r o x i m a t e l y  l a 9  p s i  o c c u r r i n g  a c r o s s  
a n  a r e a  f r o m  t h e  i n s i d e  o f  t h e  i n n e r  p a d s  t o  t h e  o u t s i d e  o f  t h e  s e a l i n g  
dam i n s t e a d  o f  j u s t  a c r o s s  t h e  s e a l i n g  dam. T h i s  p r e s s u r e  d r o p  d e -  
c r e a s e s  t h e  f o r c e  o p p o s i n g  t h e  s p r i n g  f o r c e  w h i c h  i n c r e a s e s  c a r b o n  
a n d  r u n n e r  s u r f a c e  w e a r  a n d  h e a t  g e n e r a t i o n  ( t h i s  seems t o  a c c o u n t  f o r  
t h e  b a d l y  w o r n  s e a l  r u n n e r  f a c e ) .  S i n c e  t h e  s u r f a c e s  a r e  t h e n  i n  p o o r  
c o n d i t i o n ,  h i g h  l e a k a g e  c a n  o c c u r .  

E x a m i n a t i o n  o f  t h e  t e s t  b e a r i n g ,  w h i c h  h a d  a p p r o x i m a t e l y  
1 2  h o u r s  r u n n i n g  t i m e  a t  v a r y i n g  l o a d s ,  s p e e d s  a n d  t e m p e r a t u r e s  i n  
a d d i t i o n  t o  t h e  a b o v e m e n t i o n e d  3 hn!!rs a r o u n d  600°F, s h o w e d  i t  t o  

c a g e  p o c k e t  w e a r  was  f o u n d .  The r n l l e r  b e a r i n g  w a s  a l s o  i n  e x c e l l e n t  
c o n d i t i o n .  

i n  e x c e l l e n t  c o n d i t i o n  ( E n c l o s u r e s  2 8  and  2 9 ) .  O n l y  v e r y  s l i g h t  
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T h e  t e s t  o i l  d i d  n o t  i n c r e a s e  i n  a c i d  n u m b e r  f r o m  0.055. 
V i s c o s i t y  ( a t  lOOOF) ,  h o w e v e r ,  i n c r e a s e d  f r o m  4 4 3 . 4  c s  t o  4 7 1 . 8  c s ,  
w h i c h  i s  s i g n i f i c a n t  i n  t h i s  s h o r t  t e s t .  No e v i d e n c e  o f  c o k i n g  was  
f o u n d  i n  t h e  r i g ,  a l t h o u g h  b l a c k  d e p o s i t s  were f o u n d  i n  t h e  f i l t e r .  
A n a l y s i s  o f  t h e s e  d e p o s i t s  a t  S o c o n y  M o b i l  L a b o r a t o r y  i n d i c a t e d  t h a t  
t h e  a n t i - w e a r  a d d i t i v e  i n  t h i s  o i l  was  m o r e  c o n c e n t r a t e d  i n  t h e  d e p o s i t s  
t h a n  i n  t h e  b u l k  u s e d  o i l .  

Based  o n  i t s  g o o d  p e r f o r m a n c e  d u r i n g  t h e s e  two r u n s ,  XRM l ? ? F  
w i l l  b e  run a t  t h e  next  h i g h e r  t e m p e r a t u r e  !?OS°F). 

P h o t o g r a p h s  o f  t h e  t e s t  o i l  s e a l  a n d  t e s t  b e a r i n g  a r e  i n -  
c l u d e d  a s  E n c l o s u r e s  2 8  t o  30. 

c .  S i n c l a i r  T u r b o  S -1048  I m p r o v e d  ( N i t r o q e n  B l a n k e t )  

Two r u n s  were made  u s i n g  t h i s  o i l .  I n  t h e  f i r s t  r u n ,  s h u t -  
down was  c a u s e d  by  h i g h  a i r  l e a k a g e  b e f o r e  t e s t  c o n d i t i o n s  were r e a c h e d .  
R a t h e r  h i g h  s e a l  l e a k a g e  ( 7 - 8  s c f m )  was n o t e d  u s i n g  t h e  s a m e  s e a l s  
( c l e a n e d  a n d  r e - l a p p e d )  t h a t  h a d  b e e n  u s e d  i n  t h e  p r e v i o u s  t e s t  w i t h  
M o b i l  XRM-177F. 3 a m a g e  t o  t h e  o i l  s e a l  r u n n e r  was s i m i l a r  t o  t h a t  
seen a f t e r  t h e  p r e v i o u s  XRM-177F t e s t .  T h e  e x p l a n a t i o n  o f  t h i s  i s  
t h e  s a m e  a s  t h a t  f o r  t h e  XRM-177F t e s t .  

U s i n g  a n e w  o i l  s e a l ,  a s e c o n d  r u n  w a s  m a d e .  A p p r o x i m a t e l y  
3.3 h o u r s  o f  t e s t i n g  a t  a b e a r i n g  t e m p e r a t u r e  b e t w e e n  590° a n d  625OF, 
f u l l  l o a d ,  a n d  a s p e e d  o f  a b o u t  13,500 rpm was  r e a l i z e d .  O f  t h i s ,  
a b o u t  t h e  l a s t  0 . 5  h o u r  was a t  f u l l  t e s t  c o n d i t i o n s .  S e a l  l e a k a g e  
was i n  t h e  6 t o  8 scfm r a n g e .  I t  was l a t e r  f o u n d  t h a t  t h e  s e a l i n g  
dam on  t h e  o i l  s e a l  h a d  b e e n  c u t  i n c o r r e c t l y  by  t h e  s u p p l i e r  h a v i n g  
a l a r g e r  t h a n  d e s i r e d  dam d i a m e t e r .  T h i s  c a u s e d  a l a r g e r  l i f t - o f f  
f o r c e  w h i c h  l e d  t o  t h e  h i g h  l e a k a g e .  Test o i l  f l o w  w a s  i n  t h e  0.5 - 1 
gpm r e g i o n .  T h e  f u l l  1 0 0 ° F  t e m p e r a t u r e  d i f f e r e n t i a l  be tween  t h e  
i n l e t  o i l  and  t e s t  b e a r i n g  t e m p e r a t u r e  w a s  r e a l i z e d .  T h e  mass 
s p e c t r o m e t e r  s h o w e d  t h a t  t h e  o x y g e n  c o n t e n t  i n  b o t h  t h e  t e s t  c h a m b e r  
a n d  t h e  i n t e r s e a l  c a v i t y  w a s  b e t w e e n  0.04 a n d  0.05% d u r i n g  t h e  t e s t .  
D a t a  s h e e t s  f o r  t h e s e  r u n s  a r e  i n c l u d e d  a s  P a g e s  3-0 a s 2  2-lU i n  
A p p e n d i x  11. 

Upon d i s a s s e m b l y  b o t h  t h e  t e s t  b e a r i n g  a n d  r o l l e r  b e a r i n g  
were f o u n d  t o  b e  i n  e x c e l l e n t  c o n d i t i o n .  N o  s i g n s  o f  o i l  c o k i n g  were 
o b s e r v e d .  O i l  v i s c o s i t y  ( a t  1 0 O 0 F )  d e c r e a s e d  f r o m  38.9 c s  t o  3 7 . 4  c s .  
T h e  a c i d  n u m b e r  d i d  n o t  i n c r e a s e  f r o m  0.22. A c c o r d i n g l y ,  S i n c l a i r  
T u r b o  S i s  c o n s i d e r e d  a c c e p t a b l e  a t  600'F a n d  w i l l  be  t e s t e d  a t  h i g h e r  
t e m p e r a t u r e s  . 

P h o t o g r a p h s  d o c u m e n t i n g  t h i s  t e s t  a r e  i n c l u d e d  a s  E n r l S S i i i e s  31 
t h r o u g h  37. 
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d .  M o n s a n t o  WCS-293 F l u i d  ( N i t r o g e n  B l a n k e t )  

T e s t i n g  o f  t h i s  f l u i d  ( a  m o d i f i e d  p o l y p h e n y l  e t h e r )  
w a s  c o n d u c t e d  i n  t w o  s t a g e s  u s i n g  a n e w  b e a r i n g  a n d  o i l  s e a l .  
I n  t h e  f i r s t  s t a g e ,  f u l l  600OF t e s t  b e a r i n g  o u t e r - r i n g  t e m p e r a t u r e  
c o n d i t i o n s  were r e a l i z e d  f o r  a b o u t  0 .5  h o u r s  a t  w h i c h  t ime  t h e  
b e a r i n g  t e m p e r a t u r e  s u d d e n l y  i n c r e a s e d  t o  a b o u t  7 0 0 ° F  ( o i l  f l o w  
w a s  i n  t h e  0 . 5  t o  1 gpm r e g i o n ) .  After  s h u t d o w n  i t  w a s  f o u n d  
t h a t  t h e  t e s t  s h a f t  t u r n e d  f r e e l y  w i t h o u t  a n y  s i g n s  i n d i c a t i v e  o f  
b e a r i n g  d i s t r e s s .  A c c o r d i n g l y ,  the t e s t  W B S  resiimed ( a f t e r  c o r r e c t -  
i n g  h i g h  a i r  l e a k a g e ) .  A f t e r  a b o u t  0 . 2  h o u r s  a t  6 0 0 ° F ,  t h e  
b e a r i n g  t e m p e r a t u r e  s u d d e n l y  i n c r e a s e d  t o  a b o u t  9 0 0 ° F  a n d  t h e  
b e a r i n g  s e i z e d  ( o i l  f l o w  d u r i n g  t h i s  p h a s e  w a s  a p p r o x i m a t e l y  1 g p m ) .  
S e a l  l e a k a g e  i n  b o t h  p h a s e s  was  l o w ,  a r o u n d  1 scfm.  I n  b o t h  c a s e s  
s p e e d  was  13,500 rpm a n d  t h e  l o a d  w a s  a b o u t  3 2 0 0  p o u n d s .  

Upon d i s a s s e m b l y ,  i t  was f o u n d  t h a t  t h e  c a g e  w a s  
m o d e r a t e l y  w o r n  i n  t h e  o u t e r  l a n d  a n d  c a g e  p o c k e t  a r e a s .  T h e  
o u t e r  r i n g  w a s  b a d l y  f l a k e d  i n  t h e  b o t t o m  o f  t h e  g r o o v e ,  b o t h  
h a l v e s  o f  t h e  i n n e r  r i n g  a n d  b a l l s  were b a d l y  s m e a r e d  d u e  t o  t h e  
s e i z u r e ,  a n d  a l l  c o m p o n e n t s  showed  s i g n s  o f  h i g h  t e m p e r a t u r e .  No 
s i g n s  o f  o i l  c o k i n g  were o b s e r v e d  i n  t h e  r i g .  T h e  f a i l u r e  w a s  
c l e a r l y  d u e  t o  a t h e r m a l  i n s t a b i l i t y  i n  t h e  b e a r i n g  a t t r i b u t a b l e  
t o  i n s u f f i c i e n t  l u b r i c a t i o n  a n d / o r  c o o l i n g  b y  t h e  o i l .  I t  i s  n o t  
known w h e t h e r  t h e  b e a r i n g  f a i l u r e  w a s  d u e  t o  t h e  i n a d e q u a t e  l u b r i -  
c a t i n g  a b i l i t y  o f  t h e  o i l  o r  t o  a n  i n a d e q u a t e  o i l  f l o w  i n  v i e w  o f  
t h e  g i v e n  l e v e l  o f  l u b r i c a t i n g  a b i l i t y  ( t h e  s a m e  o r  l o w e r  o i l  
f l o w s  were s a t i s f a c t o r y  w i t h  two o t h e r  o i l s . )  T h e  o i l  f l o w  r a t e  
was  k e p t  l o w  t o  o b t a i n  t h e  r e q u i r e d  1 0 0 ° F  t e m p e r a t u r e  d i f f e r e n t i a l  
b e t w e e n  t h e  i n l e t  o i l  a n d  t h e  t e s t  b e a r i n g  o u t e r  r i n g .  T h e  o i l  
w i l l  b e  t e s t e d  a t  700OF u s i n g  a h i g h e r  o i l  f l o w  ( t h e  r e q u i r e d  
2 0 0 ° F  t e m p e r a t u r e  d i f f e r e n t i a l  w i l l  b e  s u p p l i e d  b y  t h e  a u x i l i a r y  
h o u s i n g  h e a t e r s ) .  T h e  d a t a  s h e e t  f o r  t h e s e  r u n s  i s  i n c l u d e d  a s  
P a g e  2 -11  i n  A p p e n d i x  11. 

A t t e m p t s  t o  u s e  t h e  m a s s  s p e c t r o m e t e r  b o t h  w i t h  
m a n u a l  c o n t r o l  a n d  w i t h  a u t o m a t i c  c o n t r o l  b y  t h e  c o m p u t e r ,  
p r n Q ~ c n Q  d a t a  o f  q i i a s i i o n a b i e  v a l i d i t y  s i n c e  a s o l e n o i d  v a l v e  
f a i l u r e  c a u s e d  a n  i m p r o p e r  p u r g i n g  o f  t h e  s a m p l e  c h a m b e r s  
g i v i n g  n o n - r e p r e s e n t a t i v e  samples .  

O i l  v i s c o s i t y  ( a t  1 0 O 0 F )  i n c r e a s e d  f r o m  24.8 c s  
t o  2 4 . 9  c s .  T h e  a c i d  n u m b e r  d i d  n o t  i n c r e a s e  f r o m  0.055. 
A l a r g e  n u m b e r  o f  s m a l l ,  d a r k  ( s l u d g e )  p a r t i c l e s  ( w h i c h  h a v e  
b e e n  s e n t  t o  M o n s a n t o  f o r  a n a l y s i s )  were c a u g h t  i n  t h e  f i l t e r  
a n d  were s u s p e n d e d  i n  t h e  o i l .  I t  i s  l e a r n e d  t h a t  e x p e r i m e n t s  
c o n d u c t e d  w i t h  t h i s  f l u i d  a t  o t h e r  f a c i l i t i e s  p r o d u c e d  a t  
t i m e s  s i m i l a r  p a r t i c l e s  xh!zh ijii L L -  L I I ~  p r e v i o u s  e x p e r i e n c e  o f  
M o n s a n t o  a r e  b e l i e v e d  t o  b e  p o l y m e r s  o f  t h e  b a s e  f l u i d  a s s o c i a t e d  
w i t h  s t e e l  wear  f r a r J m e n t s .  
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P r i o r  t o  t h e  t e s t  w i t h  t h i s  f l u i d ,  a s e r i e s  o f  
t e m p e r a t u r e  s e n s i t i v e  p a i n t s  were a p p l i e d  t o  n u m e r o u s  l o c a t i o n s  
b o t h  o u t s i d e  ( o n  t h e  h o u s i n g )  and  i n s i d e  t h e  t e s t  r i g  ( o n  t h e  s e a l  
s h o u l d e r s )  i n  o r d e r  t o  l e a r n  m o r e  a b o u t  t h e  t e m p e r a t u r e  d i s t r i b u -  
t i o n  i n  t h e  r i g  d u r i n g  o p e r a t i o n .  L o n g  term e x p o s u r e  t o  a i r  ‘ 

o n  t h e  o u t s i d e  o f  t h e  r i g  tended  t o  o b s c u r e  a n y  c l e a r c u t  r e s u l t s ,  
b u t  t h e  p a i n t s  on  t h e  a i r  a n d  o i l  s e a l  s h o u l d e r s  p e r f o r m e d  a d e -  
q u a t e l y .  T h e  t e m p e r a t u r e  o f  t h e  a i r - s e a l  s h o u l d e r  w a s  a b o u t  9 5 0 0 F  

The  o i l  s e a l  s h o u l d e r  may w e l l  h a v e  b e e n  h e a t e d  b y  t h e  t e s t  b e a r i n g  
d u r i n g  i t s  s e i z u r e  s o  t h a t  t h e  t e m p e r a t u r e  o f  t h i s  s h o u l d e r  d u r i n g  
n o r m a l  6 0 0 0 F  s c r e e n i n g  t e s t s  c o u l d  b e  l o w e r .  

w h i l e  t h e  temperatare o f  the o i l - s e a l  s h t i i i d e r  was a b o u t  750=r”. 

P h o t o g r a p h s  o f  t h e  s e a l s  a n d  t e s t  b e a r i n g  c o m p o n e n t s  
a r e  i n c l u d e d  a s  E n c l o s u r e s  38 t h r o u g h  4 1  . 

e.  MonsanLo MCS-293 F l u i d  ( O p e n  A t m o s p h e r e )  

T h e  l e n g t h  o f  t h i s  t e s t  w a s  a b o u t  3 . 2  h o u r s  a t  t e s t  
c o n d i t i o n s  ( 5 9 0 - 6 2 0 0 F  b e a r i n g  o u t e r  r i n g  t e m p e r a t u r e ,  f u l l  l o a d ,  
13500 rpm s p e e d ,  625-69O0F t e s t  b e a r i n g  h o u s i n g  t e m p e r a t u r e ,  a n d  
1 1 6 0 - 1 1 8 0 ° F  h o t  a i r  t e m p e r a t u r e . )  The  n i t r o g e n  n o r m a l l y  u s e d  
i n  t h e  t e s t  c h a m b e r  a n d  i n t e r s e a l  c a v i t y  w a s  r e p l a c e d  b y  c o m p r e s s o r  
a i r .  I n  o r d e r  t o  i n s u r e  a n  a d e q u a t e  q u a n t i t y  o f  o i l  t o  p r e v e n t  
a n y  t h e r m a l  i n s t a b i l i t i e s ,  t h e  o i l  f l o w  was  m a i n t a i n e d  a t  1 gpm 
d u r i n g  t h e  t e s t .  T h i s  n e c e s s i t a t e d  a n  o i l - i n l e t  t e m p e r a t u r e  o f  
515-52O0F ( i n s t e a d  o f  50O0F)  t o  a c h i e v e  t h e  d e s i r e d  o u t e r - r i n g  
t e m p e r a t u r e .  S e a l  l e a k a g e  d e c r e a s e d  f r o m  a b o u t  10 scfm t o  a b o u t  
4 s c f m  a s  t h e  s e a l s  r a n - i n .  

Upon d i s a s s e m b l y  , i t  w a s  f o u n d  t h a t  t h e  t e s t  b e a r i n g  
w a s  i n  v e r y  g o o d  c o n d i t i o n  w i t h  t h e  c a g e  p o c k e t s  s h o w i n g  l i g h t  
w e a r  a n d  t h e  o u t e r  l a n d s  s l i g h t  w e a r .  T h e  o i l - s e a l  c a r b o n  s e a l i n g  
s u r f a c e  was s o m e w h a t  s c o r e d  a n d  p o l i s h e d .  No i n d i c a t i o n s  o f  
c o k i n g  were f o u n d  i n  t h e  r i g  o r  o n  t e s t  e l e m e n t s .  O i l  v i s c o s i t y  
a f t e r  t h e  t e s t  w a s  2 6 . 5  c s  (@ 10O0F)  c o m p a r e d  t o  2 4 . 8  c s  f o r  
new o i l .  The  a c i d  n u m b e r  d i d  n o t  i n c r e a s e  f r o m  0.055. T h e  o i l  
was c o n s i d e r a b l y  d a r k e r  k e e m i n g l y  f r o m  s u s p e n d e d  p a r t i c l e s )  t h a n  
t h a t  f r o m  t h e  n i t r o g e n  b l a n k e t e d  r u n ;  h o w e v e r  t h e  d u r a t i o n  o f  t h i s  
r u n  w a s  c o n s i d e r a b l y  l o n g e r .  

P h o t o g r a p h s  o f  t h e  s e a l s  a n d  t e s t  b e a r i n g  c o m p o n e n t s  
a r e  i n c l u d e d  a s  E n c l o s u r e s  4 2  t o  45. T h e  d a t a  s h e e t  i s  i n c l u d e d  
a s  P a g e  2 -12  i n  A p p e n d i x  11. 
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T e m p e r a t u r e  s e n s i t i v e  p a i n t s  i n d i c a t e d  t h a t  t h e  
t e m p e r a t u r e  o f  t h e  a i r - s e a l  s h o u l d e r  w a s  be tween 900 a n d  9 5 0 ° F ,  
a n d  b o t h  t h e  o i l - s e a l  s h o u l d e r  and t h e  t e s t  b e a r i n g  s e a t  were 
b e t w e e n  750 a n d  8 0 0 ° F .  

I A t y p i c a l  o s c i l l o s c o p e  t r a c e  s h o w i n g  t h e  mass s p e c t r o -  
meter  a n a l y s i s  o f  t h e  t e s t  b e a r i n g  c h a m b e r  a t m o s p h e r e  i n  t h i s  
t e s t  i s  g i v e n  i n  E n c l o s u r e  4 9 .  T h i s  t r a c e  w i l l  b e  u s e d  f o r  c o m p a r i -  
s o n  w i t h  s u b s e q u e n t  a n a l y s e s  d u r i n g  h i g h e r  t e m p e r a t u r e  t e s t i n g  w i t h  
MCS-293 l u b r i c a n t .  S e a l  l e a k a g e  d a t a  i n  t h i s  t e s t  were o b t a i n e d  w i t h  
t h e  p o s i t i v e - d i s p l a c m e n t  me te r ,  s i n c e  m a s s  s p e c t r o m e t e r  d a t a  on  s e a l  
l e a k a g e  c o u l d  n o t  b e  o b t a i n e d  d u e  t o  a m a l f u n c t i o n  o f  t h e  h e l i u m  

I 

I m i x i n g  s y s t e m ,  w h i c h  h a s  s i n c e  b e e n  c o r r e c t e d .  

T h e  a b o v e  r e s u l t s  i n d i c a t e  s a t i s f a c t o r y  p e r f o r m a n c e  o f  
t h e  MCS-293 i n  a n  o p e n  a t m o s p h e r e  a t  6 0 0 ° F ,  s o  t h a t  b a s e l i n e  s c r e e n i n g  
t e s t s  a t  h i g h e r  t e m p e r a t u r e s  w i l l  b e  r u n .  

2. Mis t  B i g  T e s t i n g  

T h e  m i s t  r i g  h a s  b e e n  b r o u g h t  t o  t h e  p o i n t  w h e r e  s c r e e n i n g  
t e s t s  h a v e  now b e g u n  u n d e r  h e a t e d  c o n d i t i o n s .  A l l  s y s t e m s  h a v e  
o p e r a t e d  s a t i s f a c t o r i l y ,  i n c l u d i n g  t h e  c o p p e r - e l e m e n t  s l i p - r i n g s  
f o r  r o t a t i n g  i n s t r u m e n t a t i o n .  

l a .  Esso 4040 (MIL-L-7808E) - N i t r o g e n  B l a n k e t e d  

Two s h o r t ,  h e a t e d  r u n s  h a v e  b e e n  made  i n  t h e  m i s t  
r i g  u s i n g  4 5 9 9 8 1 E  b e a r i n g s  (M-50 a n d  t e s t  s e a l s  w i t h  AM350 
b e l l o w s .  T h e  r o l l e r  b e a r i n g  u s e d  h a d  a n  o u t  o f  r o u n d  o u t e r  
r i n g  ( a p p r o x i m a t e l y  0 . 0 2 0 "  i n  t h e  f r e e  s t a t e )  a n d  h a d  a 
s l i g h t l y  i n c r e a s e d  r e a d i a l  l o o s e n e s s  ( a b o u t  0 . 0 0 2 " ) .  b a s e d  
o n  p r e v i o u s  u n h e a t e d  t e s t  r e s u l t s  i n  t h i s  r i g  ( 2 ) .  

I n  t h e  f i r s t  r u n  t h e  r i g  w a s  b r o u g h t  u p  t o  f u l l  l o a d  
a n d  a s p e e d  o f  a b o u t  13,500 rpm.  N i t r o g e n  f l o w  t o  t h e  t e s t  
b e a r i n g  t o i c a i e d  aboui. 56 scfiii <4C s c f ~  c f  t h i s  g c i z g  thrnugh t h e  
m i s t  g e n e r a t o r  w h i c h  w a s  h e a t e d  t o  2 0 0 0 F ) .  W i t h  t h e  s e t t i n g  o n  
t h e  m i s t e r  a t  f u l l  o p e n  a n d  t h e  n i t r o g e n  f l o w  u s e d ,  a p p r o x i m a t e l y  
0.04 l b s .  p e r  m i n u t e  o f  o i l  was b e i n g  d e l i v e r e d  t o  t h e  b e a r i n g .  
No h o t  a i r  was u s e d ,  b u t  t h e  r i g  h o u s i n g  h e a t e r s  were o n  f u l l  
( t e s t  b e a r i n g  h o u s i n g  t e m p e r a t u r e  w a s  i n  t h e  200-300°F  r e g i o n ) .  

A t  f u l l  s p e e d  a n d  l o a d  t h e  t e s t  b e a r i n g  o u t e r - r i n g  
t e m p e r a t u r e  seemed t o  s t a b i l i z e  a t  a b o u t  2 6 0 ° F  w i t h  t h e  i n n e r - r i n g  
t e m p e r a t u r e  b e i n g  a b o u t  2 9 0 ° F  a s  m e a s u r e d  b y  t h e  c o p p e r - e l e m e n t  
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s l i p  r i n g s .  T h e  10 scfm c o o l i n g  n i t r o g e n  w a s  c u t  o f f  a f t e r  
a b o u t  f i v e  m i n u t e s  a t  t h e  a b o v e  c o n d i t i o n s .  T e s t  b e a r i n g  i n n e r  
a n d  o u t e r  r i n g  t e m p e r a t u r e s  p r o m p t l y  j u m p e d  a b o u t  1 0 ° F .  A f t e r  
s e v e r a l  m i n u t e s  o p e r a t i o n  l i k e  t h i s  t h e  n i t r o g e n  f l o w  t h r o u g h  
t h e  m i s t e r  w a s  r e d u c e d  t o  a b o u t  33 scfm a t  w h i c h  time t h e  t e s t  
b e a r i n g  f a i l e d  (33 scfm t h r o u g h  t h e  m i s t e r  i s  s a f e l y  a b o v e  t h e  
mis t  c u t - o f f  p o i n t  w h i c h  i s  l e s s  t h a n  20 s c f m ) .  

S e a l  l e a k a g e  d u r i n g  t h i s  t e s t  w a s  i n  t h e  5 t o  10 scfm 
r a n g e .  I t  w a s  f o u n d  on  d i s a s s e m b l y  t h a t  Some m e t a l l i c  p o w d e r  f r o m  
t h e  p r e v i o u s  o v e r h e a t i n g  o f  t h e  a i r  h e a t e r  r e m a i n e d  i n  t h e  h e a t e r  
c o i l s  ( s e e  s e c t i o n  o n  h o t - a i r  s y s t e m )  d e s p i t e  a l l  c l e a n i n g  a n d  
h a d  d a m a g e d  t h e  a i r  s e a l  c a r b o n  s u r f a c e  g i v i n g  t h e s e  h i g h  l e a k a g e s .  
T h e  a i r  h e a t e r  h a s  now b e e n  c l e a n e d  e v e n  m o r e  t h o r o u g h l y  a n d  n o  
d e b r i s  were f o u n d  i n  t h e  n e x t  t e s t .  

Upon d i s a s s e m b l y  i t  was f o u n d  t h a t  t h e  t e s t  b e a r i n g  
c a g e  h a d  s m e a r e d  i n  t h e  o u t e r  l a n d  a r e a  a n d  o n e  r a i l  w a s  c r a c k e d .  
T h e  i n n e r  a n d  o u t e r  r a c e s  a n d  b a l l s  were i n  r e l a t i v e l y  g o o d  
c o n d i t i o n .  P h o t o g r a p h s  o f  t h e  t e s t  b e a r i n g  c o m p o n e n t s  a r e  s h o w n  
i n  E n c l o s u r e s  4 6  a n d  47 . 

I t  a p p e a r s  t h a t  t h e  c a g e  e x p a n d e d  e x c e s s i v e l y  i n  t h e  
r a d i a l  d i r e c t i o n  d u e  t o  i n s u f f i c i e n t  c o o l i n g .  I n  t h e  p r e s e n t  
s e t - u p  o i l  m i s t  i s  s u p p l i e d  t o  and  e x h a u s t e d  f r o m  b o t h  s i d e s  o f  
t h e  t e s t  b e a r i n g .  Mis t  a n d  n i t r o g e n  i s  s u p p l i e d  b y  m e a n s  o f  
j e t  r i n g s  a n d  e x h a u s t e d  t h r o u g h  l a r g e  p o r t s  i n  t h e  m i d d l e  o f  t h e  
r i g  a s  w e l l  a s  t h r o u g h  a s m a l l  o n e  o n  t h e  h o t - a i r  e n d .  I t  i s  
p o s s i b l e  t h a t  b y  m i s t i n g  o n  b o t h  s i d e s  o f  t h e  b e a r i n g  c o o l i n g  g a s  
( a t  l e a s t  i n  s u f f i c i e n t  q u a n t i t i e s )  d o e s  n o t  f l o w  t h r o u g h  t h e  
b e a r i n g  t o  c o o l  t h e  b o r e  a n d  OD o f  t h e  c a g e .  P o s s i b l e  remedies  
w o u l d  b e  t o  u s e  m o r e  c o o l i n g  g a s ,  t o  u s e  a n  o u t e r - l a n d  r i d i n g  c a g e  
( a s  p r e s e n t l y  u s e d )  w i t h  m o r e  r a d i a l  l o o s e n e s s  o r  a n  i n n e r - l a n d  
r i d i n g  c a g e ,  o r  t o  r e m o v e  t h e  r e a r  j e t  r i n g  a n d  b l o c k  o f f  t h e  
s m a l l  e x h a u s t  i n  t h e  f r o n t  ( h o t - a i r )  s i d e  w h i c h  w o u l d  f o r c e  t h e  
n i t r o g e n  t o  f l o w  t h r o u g h  t h e  b e a r i n g .  T h e  f i r s t  a l t e r n a t i v e  w a s  
t r i e a  i n  t h e  n e x t  t e s t  a n d  t h e  l a t t e r  a l t e r n a t i v e  will b e  t r i e a  
i n  f u t u r e  t e s t s .  

T h e  s e c o n d  r u n  w a s  made w i t h  a n  i d e n t i c a l  t e s t  b e a r i n g  
a n d  t h e  s a m e  r o l l e r  b e a r i n g  which  h a d  b e e n  r u n  i n  a l l  t h e  c i r c u -  
l a t i n g  t e s t s .  N i t r o g e n  f l o w  t h r o u g h  t h e  m i s t o r  w a s  39 scfm ( g i v i n g  
a b o u t  0 . 0 4  p o u n d s  p e r  m i n u t e  o i l  d e l i v e r e d  t o  t h e  b e a r i n g  w i t h  t h e  
m i s t  o i l  t e m p e r a t u r e  o f  2000F) w i t h  40-45 scfm c o o l i n g  n i t r o g e n .  
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T h e  r i g  w a s  r u n  f o r  a b o u t  30 m i n u t e s  u n d e r  f u l l  l o a d  a t  a s p e e d  
o f  a b o u t  13,500 rpm.  A t  t h e  e n d  o f  t h i s  p e r i o d  t h e  r o l l e r  b e a r i n g  
f a i l e d ,  a p p a r e n t l y  d u e  t o  t h e  same p h e n o m e n o n  a s  i n  t h e  t e s t  
b e a r i n g  f a i l u r e  i n  t h e  p r e v i o u s  r u n .  M a n i f o l d  h o t - a i r  t e m p e r a t u r e  
a t  t h i s  t ime w a s  a b o u t  900°F, t e s t  b e a r i n g  h o u s i n g  t e m p e r a t u r e  
w a s  a b o u t  4 0 0 ° F ,  t e s t  b e a r i n g  i n n e r - r i n g  t e m p e r a t u r e  was a b o u t  3 1 0 ° F ,  
a n d  t h e  o u t e r  r i n g  w a s  a b o u t  245OF. T e s t  c o n d i t i o n s  f o r  t h i s  r u n ,  
t o g e t h e r  w i t h  t h o s e  f o r  t h e  p r e v i o u s  r u n ,  a r e  t a b u l a t e d  i n  A p p e n d i x  
111, w h i c h  s h o w s  t h a t  t h e  h e a t  r e j e c t i o n  r a t e  t o  t h e  g a s  was 
v e r y  l o w  (70-100 B t u / m i n ) .  E v e n  t h o u g h  t h e  t e s t  b e a r i n g  t e m p e r a t u r e s  
h a d  a d e f i n i t e  i n c r e a s i n g  s l o p e  a t  t e r m i n a t i o n  o f  t h e  t e s t ,  i t  i s  
d o u b t f u l  i f  6 0 0 ° F  o n  t h e  o u t e r  r i n g  w o h l d  h a v e  been a c h i e v e d .  
( E n c l o s u r e  48 p r e s e n t s  t e s t - b e a r i n g  i n n e r  a n d  o u t e r  r i n g ,  r o l l e r  
b e a r i n g  o u t e r - r i n g ,  a n d  t o r q u e  p e n - c h a r t  r e c o r d s  f o r  t h i s  t e s t ) .  
I n  t h e  n e x t  t e s t ,  t h e  m i s t  r i g  w i l l  b e  p r e h e a t e d  s t a t i -  
c a l l y  t o  a t e s t  b e a r i n g  t e m p e r a t u r e  o f  a b o u t  5 0 0 ° F  w i t h  a l l  h e a t e r s  o n  
( i n c l u d i n g  a i r  h e a t e r  a n d  a i r  f l o w ) ,  b u t  w i t h o u t  o i l  m i s t  o r  
c o o l i n g  n i t r o g e n  f l o w ,  b e f o r e  s t a r t - u p  o f  b o t h  t h e  r i g  a n d  t h e  o i l  
m i s t  a t  t h e  same t ime.  I n  a d d i t i o n ,  t h e  a u x i l i a r y  h e a t e r s  d e s c r i b e d  
p r e v i o u s l y  may b e  u s e d  t o  r e d u c e  t h e  h e a t - u p  t i m e .  

V I  SZHEDULING OF REMAINDER OF S C R E E N I N G  A N D  ENDURANZE TESTS 

T h e  p r o j e c t e d  s c h e d u l i n g  o f  t e s t i n g  i s  o u t l i n e d  i n  d e t a i l  i n  
t h e  PERT d i a g r a m ,  E n c l o s u r e  1 ,  w h i c h  s h o w s  t h a t  s c r e e n i n g  t e s t s  
a t  t e m p e r a t u r e s  h i g h e r  t h a n  600OF w i l l  b e  r u n  w i t h  t h o s e  o i l s  t k a t  
s h o w  p r o m i s i n g  p e r f o r m a n c e  a t  6 0 0 ° F  i n  b o t h  t h e  r e c i r c u l a t i n g  
a n d  m i s t  r i g s ,  f o l l o w e d  b y  t h e  s e l e c t i o n  o f  o i l s  f o r  e n d u r a n c e  
t e s t i n g .  

T y p e d  : c d  t 
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In t roduct ion:  
SKF is consider ing the use of "Freon-113" 

fluorocarbon as an a d d i t i v e  t o  an dl l u b r i c a t i n g  system: 
These systems are for  use In Supersonic Transport  and w i l l  
be subjec ted  t o  temperatures of about 500°P. This  report 
supplements KSS-5103-A and dea l s  with a more rea l i s t ic  con- 
c e n t r a t i o n  of "Freon-113" i n  t h e  o i l s  fo r  t h e  a n t i c i p a t e d  
end use .  

Object: 1. To determine the  effect  of "Frem-l l3"  
fluorocarbon on the s t a b i l i t y  of the candidate  
o i l s  a t  500.F for  24 hours. 

To detern ine  the concentrat ion of "Freon-113" 
i n  the fluorocarbon/oll  mixtures prepared a t  
one atmosphere of pressure  and 500°F by SKF. 

2. 
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APPENDIX I ( C o n t .  1 

Re s u l  t s : 
I n  the t a b i l i t y  t ts, the Du Pont PR-143 o i l  

was unaffected by both the elevated temperature and the 
"Freon-113", except for  a s l i g h t  dlscaloratisn Qff t h e  s t e e l  
s t r i p .  The o t h e r  o i l s  (Table I, E n c l .  11) were a f f e c t e d  s l i g h t l y  
by the  e leva ted  temperature . Freon- l i3" improved the appearance 
of t he  Monsanto MCS-293 very s l i g h t l y ,  s l i g h t l y  worsened the 
zppearence of the Socon~v l??-F, and completely s o l i d i f i e d  the  
Iierculube F and Turbo S-1048. 

t1 

The analyses  of' the o i l  samples made by SKF are 
summarized i n  Table 11. These concentrat ions have no t  been 
cor rec ted  for  condensation of the vapors of "Freon-113" i n t o  t h e  
o i l s  when these mixtures were cooled from 500'F t o  room tempera- 
t u r e .  

Expe rimen t a  1: 

tubes (7/16" I.D. x 5-l/2") which were cleaned wi th  d i s t i l l e d  
water and C. P. Grade acetone, a i r  f lushed  t o  remove the acetone, 
heated t o  l0O'C fo r  s e v e r a l  hours, and then desiccated f o r  
approximately 24 hours p r i o r  t o  use. The two metal  s t r i p s  
( Inconel  X-750 and a s t e e l  a l l o y ) ,  2 m l  of o i l  (enough t o  Com- 
p l e t e l y  Immerse t h e  metals , and t h e  quan t i ty  of "Freon-113" 
necessary t o  give a 10 w t  so lu t ion  In the o i l  were placed i n  
the tube. 
determined by using t h e  fol lowing approximate d e n s i t i e s  for  the 
D i l s :  Socon 17v, 0.84 g/cc; Monsanto MCS-293, 1.19 g/cc; 
Du Pont PR-1 g 3, 1.91 g/cc; Herculube F, 1.01 g/cc; and Turbo S-1048, 
0.93 g/cc. After adding t h e  "Freon-113" t o  the  t e s t  system, the 
tube,  with one atmosphere of a i r  above the  l i q u i d ,  Was sea led  by 
means of a female type Neoprene stopper. The tube contents  were 
then  f rozen  i n  l i q u i d  n i t rogen  and t h e  tube was sealed.  The t u b e s  
w2re then  stored upr ight  i n  an oven f o r  24 hours a t  500'F. 

The s t a b i l i t y  tests were run i n  sea led  ''Pyrex'' 

The amount of "Freon-113" added t o  the system was 

The metals, supplied by SKF, were segments of  

c y l i n d e r  of about 1/4" rad ius .  The Inconel  X-750 was "halved" 
f r o m  a c y l i n d e r  of about 3/16" radius .  
sanded with 120 g r i t  paper. 
fresh "Freon-113 and des icca ted  before use. 

c y i i n a e r s  about it' iong. rm A l l t :  stet1 G ~ I G ~  ' ' ~ U Z C ~ C Y C ~ ~ ~  z 

The rough-cut edges were 
The specimens were then washed w i t h  

U on completion of the tes t  the  tubes were 
inspec ted  (Table IT, photographed ( cncl.ll), and then s e n t  t o  
D r .  H. E. Mahncke of SKF. 

prepa ra t ions  of t h e  oil /f luorocarbon mixtures provided by SKP are 
summarized i n  Table 11. 

The gas chi&atographlc  Analyses and detai ls  of 
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I 

TABLE I1 

CONCENTRATION OF "FREON-1 13" F L U O R C A R B O N  I N  V A R I O U S  OILS 

T e s t  C o n d i t i o n s :  A .  O i l  p l u s  10 w t  % " F r e o n - 1 1 3 "  h e a t e d  

B. " F r e o n - 1 1 3 "  b u b b l e d  i n t o  t h e  o i l  a t  
o n e  h o u r  a t  50O0F.  

500 OF. 

O i l s  

S o c o n y  XRM-117F 

M o n s a n t o  MCS-293 

DuPon t PR-143 

H e r c u l u b e  F 

T u r b o  S - 1 0 4 8  

S u n t h e t i c  18H 

Ucon 50 HB 5100 

E s s o  4 0 4 0  

C o n c e n t r a t i o n  o f  " F r e o n - 1 1 3 "  
i n  O i l s  t W t  % I *  

C o n d i t i o n  A C o n d i t i o n  B 

0.09 0 . 9 2  

0 .19  0.58 

0.03 0 .52  

0.003 0 . 2 9  

0.37 0.08 

0.20 1 .29  

0 .01  0.07 

0 . 5 4  0 . 8 1  

* N o t  c o r r e c t e d  f o r  c o n d e n s a t i o n  o f  t h e  v a p o r s  o f  " F r e o n - 1 1 3 "  
i n  g o i n g  from t h e  t e s t  t e m p e r a t u r e  o f  5 0 0 ° F  t o  75°F.  

1 - 4  
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APPENDIX I11 - 

MIST TEST D A T A  S U M M A R Y  
LAST VALUES BEFORE SHUTDOWN 

R u n  No. 
S p e e d  RPM 
A i r  M a n i f o l d  P r e s s .  ( p s i )  
B e a r i n g  C a v i t y  P r e s s .  ( p s i )  
S e a l  C a v i t y  P r e s s .  ( p s i )  
H o t  Air F l o w  ( s c f m )  
S e a l  L e a k a g e  ( s c f m )  
N2 F l o w  T h r o u g h  Mis te r  ( s c f m )  
C o o l i n g  N2 F l o w  ( s c f m )  
T e s t  B e a r i n g  O u t e r  R i n g s  (OF) 
T e s t  B e a r i n g  I n n e r  R i n g  (OF)' 

R o l l e r  B e a r i n g  O u t e r  R i n g  (OF)  
O i l  S e a l  H o u s i n g  (OF)  
A i r  S e a l  H o u s i n g  ( " F )  
T e s t  B e a r i n g  H o u s i n g  (OF)  
R o l l e r  B e a r i n g  H o u s i n g  (OF)  
H o t  Air I n  M a n i f o l d  (OF) 
Mist  I n e l t  ( O F ) *  
G a s  O u t l e t  (OF) 
Air S e a l  S h o u l d e r  (OF)  
O i l  S e a l  S h o u l d e r  (OF)  
T o r q u e  ( i n - l b s . )  
T e s t  B e a r i n g  L o a d  ( l b s . )  
H e a t  R e j e c t i o n  ( B t u / m i n )  

1 
13,500 
106 
6 
111 
60 
5+ 
4 0  
10 
2 7 5  
3 0 0 ( a p p r o x . )  
2 20  
2 0 0  
130 
300 
165 
110 
130 
185 
170 
2 40 

3 2 8 0  
70 

- 

2 
13,500 
106 
6 
1 1 2  
55 
2 . 5  
39 
4 1  
2 4 5  
310 
2 8 5  
290 
455 
4 0 0  
3 20  
900 
155 
190 
330 
310 
60 
3 2 8 0  
110 

* M e a s u r e d  Between Mis t e r  a n d  R i g  
C o o l i n g  N2 I n l e t  Temp. A p p r o x .  75OF 
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APPENDIX IV 

CALCULATIONS OF THE LOAD A P P L I E D  TO 
T H E  T E S T  BEARING BY PNEUMATIC PRESSURE 

T e s t  S e a l s  
f- 7 

L e t  8 b e  p r e s s u r e  i n  h o t  a i r  c h a m b e r .  

6 b e  p r e s s u r e  i n  b e a r i n g  c h a m b e r .  
b e  p r e s s u r e  i n  i n t e r - s e a l  c a v i t y .  

T h e  p r e s s u r e P ,  a c t s  o v e r  t h e  e n t i r e  h o t  a i r  e n d  o f  t h e  
t e s t  r i g  a s  s h o w n .  

A s s u m i n g  t h e  h y d r a u l i c  d i a m e t e r s  o f  t h e  two  t e s t  s e a l s  
a r e  i d e n t i c a l ,  t h e n  t h e r e  i s  no  n e t  t h r u s t  d u e  t o  t h e  p r e s s u r e C > z _ .  

I f d T  b e  t h e  h y d r a u l i c  d i a m e t e r  ol" a L o s t  s e a !  acc! C!P- 
b e  t h e  h y d r a u l i c  d i a m e t e r  o f  t h e  r i g  s e a l  t h e n  t h e  t h r u s t  
g e n e r a t e d  i s  g i v e n  b y :  

4-1 



APPENDIX IV ( C o n t .  1 

N o w d T  = 6 . 3 7 0 "  
a n d  d, = 4 . 5 0 0 "  

So t h a t  

r= 31.4 i ~ - P d +  lWS 

I t  h a s  b e e n  f o u n d  t h a t  ?, i s  e f f e c t i v e l y  c o n s t a n t  d u r i n g  
o p e r a t i o n .  A s s u m i n g  PI i s  c o n s t a n t  t h e n  a n d  v a r y i n g  P3 f i g u r e  
1 i s  g e n e r a t e d  ( f o r  Pt = 1 0 0 ,  1 0 5 ,  a n d  110 p s i ) .  
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v s .  
T e s t  B e a r i n g  C h a m b e r  P r e s s u r e  

&- - H o t  Air C a v i t y  P r e s s . = l l O  p 

h 

v) 

3 
S 
S 
0 
L 
v 

P, 
S 
'3 

3 
(2: 

0 

3500 

3400 

3300 

3200 

3100 

3000 

2900 

2800 

2700 

A M 0 0 H o t  Air C a v i t y  P r e s s . = 1 0 5  p 

\ a---m H o t  Air C a v i t y  P r e s s . = 1 0 0  p 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

0 1 2 3 4 5  i o  20 25 30 

s i  

s i  

s i  

T e s t  B e a r i n g  C h a m b e r  P r e s s u r e  ( p s i )  

4 - 3  



. ,  
I 
1 
b 
c 
I 

A P P E N D I X  V 

S S T  T H E R M O C O U P L E  S L I P  R I N G S  - T E M P E R A T U R E  E R R O R S  



.. I 
I 

APPENDIX V 

T h e  e r r o r s  i n  t h e  r o t a t i n g  t e m p e r a t u r e  m e a s u r e m e n t s  w h i c h  
a r e  c a u s e d  by t h e  u s e  o f  d i s s i m i l a r  m e t a l s  i n  t h e  s l i p  r i n g  
a s s e m b l y  may be  e s t i m a t e d  a s  d e s c r i b e d  i n  t h e  f c l l o w i n g  p a r a -  
g r a p h s .  

SST THERMOCOUPLE S L I P  RINGS - TEMPERATURE E R R O R S  

When a t h e r m o e l e c t r i c  m a t e r i a l  i s  h e a t e d  a t  o n e  e n d  a n d  
t h e  o t h e r  e n d  i s  c o o l e d  o r  h e l d  a t  a c o n s t a n t  t e m p e r a t u r e ,  a 
v o l t a g e  d r o p  is d e v e l o p e d  a c r o s s  t h e  m a t e r i a l .  T h i s  v o l t a g e ,  
known a s  t h e  S e e b e c k  v o l t a g e ,  i s  r e l a t e d  t o  t h e  t e m p e r a t u r e  
d i f f e r e n c e  a c r o s s  t h e  s a m p l e  by t h e  e q u a t i o n  (7, 8): 

where E = S e e b e c k  v o l t a g e  

AT= t e m p e r a t u r e  d i f f e r e n c e  a c r o s s  t h e  s a m p l e  

o( = t h e r m o e l e c t r i c  p o w e r  e x p r e s s e d  i n  m i l l i v o l t s / d e g r e e  

P l e a s e  n o t e  t h a t  t h e  a b o v e  e q u a t i o n  a p p l i e s  t o  a s i n a l e  
t h e r m o e l e c t r i c  m a t e r i a l .  A t h e r m o c o u p l e  may ,  t h e r e f o r e ,  b e  
r e g a r d e d  a s  a s e r i e s  c o m b i n a t i o n  o f  t h e r m a l  e m f ' s  p r o d u c e d  by 
t e m p e r a t u r e  d i f f e r e n c e s  a c r o s s  two d i f f e r e n t  m a t e r i a l s .  F i g u r e  1 
o f  t h e  a t t a c h e d  s k e t c h  s h o w s  t h e  e q u i v a l e n t  c i r c u i t  f o r  a n  I r o n  
C o n s t a n t a n  c o u p l e  h a v i n g  a r e f e r e n c e  j u n c t i o n  a t  a t e m p e r a t u r e  r= 32OF. 

-. ~ n t :  c q i i i s ~ : c c t  s i r r l - l i t  n f  F i g u r e  1 may b e  e x t e n d e d  t o  t h e  
SST t h e r m o c o u p l e  sys tem f o r  r o t a t i n g  t e m p e r a t u r e  m e a s u r e m e n t s  a s  
s h o w n  i n  F i g u r e s  2 a n d  3. T e m p e r a t u r e s  shown a r e  t h e  a p p r o x i m a t e  
maximum v a l u e s  e s t i m a t e d  a t  e a c h  o f  t h e  p o i n t s  s h o w n .  F rom F i g u r e  
3 i t  i t  s e e n  t h a t  t h e  s t a i n l e s s  s t e e l  ( o r  c o p p e r )  e lements  w i l l  
p r o d u c e  o p p o s i n g  emf's i n  t h e  t h e r m o c o u p l e  c i r c u i t  b e t w e e n  t h e  
r o t a t i n g  c o n n e c t o r  ( p o i n t  2 )  and  t h e  s t a t i o n a r y  c o n n e c t o r  ( p o i n t  5). 
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T h e r e f o r e ,  t h e  emf m e a s u r e d  a t  t h e  r e f e r e n c e  j u n c t i o n  ( p o i n t  6 )  
w i l l  b e  e q u a l  t o  t h e  emf g e n e r a t e d  b y  a n  I-C c o u p l e  h a v i n g  
j u n c t i o n s  a t  600°F a n d  1 5 0 ° F  p l u s  t h e  emf o f  a s i m i l a r  c o u p l e  
w i t h  j u n c t i o n s  a t  1 0 0 ° F  a n d  32OF.  T h e  t e m p e r a t u r e  m e a s u r e d  
t h r o u g h  t h e  s l i p  r i n g s  w i l l ,  t h e r e f o r e ,  be  l o w e r  t h a n  t h e  
t e m p e r a t u r e  a t  t h e  m e a s u r i n g  j u n c t i o n  ( p o i n t  11 b y  a~ B E O U I ? ~  

e q u a l  t o  t h e  t e m p e r a t u r e  d i f f e r e n c e  b e t w e e n  p o i n t s  2 a n d  5. 
T h u s  t h e  u s e  o f  s t a i n l e s s  s t e e l  (or c o p p e r )  s l i p  r i n g s  i n  t h e  
t h e r m o c o u p l e  a s s e m b l y  w i l l  a l w a y s  r e s u l t  i n  a m e a s u r e m e n t  e r r o r  
e q u a l  t o  t h e  d i f f e r e n c e  b e t w e e n  t h e  t e m p e r a t u r e s  o f  t h e  r o t a t i n g  
a n d  s t a t i o n a r y  c o n n e c t o r s .  T h i s  e r r o r  c a n ,  o f  c o u r s e ,  b e  
c o r r e c t e d  i f  t h e  t e m p e r a t u r e  a t  e a c h  c o n n e c t o r  i s  known.  
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I 

EQUIVALENT Circuir 

P E t S U R l N G  R FF ERENCE 
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APPENDIX VI 

CLEANING PROCEDURES FOR RECIRCULATING RIG 
OIL SYSTEM 

In the screening tests i n  t h e  i e c i r C i i l 2 t i n g  r i g ,  lubricants 
of quite different types are being used, s o  it is important that 
the oil system and all rig parts to which the lubricant is exposed 
be cleaned thoroughly before changing t o  each new oil, in order to 
prevent harmful contamination of the lubricants. A cleaning pro- 
cedure has been developed for this purpose, consisting of the 
following steps. 

1. The oil system is drained and filled with about 3 gallons 
of Cities Service Solvent No.  26 (creosol base with emulsifying 
agent) which is heated to about 150°F and circulated for several hours. 

2. The solvent is drained and the system is filled with water 
which is circulated and repeatedly refilled with fresh water until 
the water drains out clear (no clouding). 

3 .  After final draining of t h e  water, about 3 gallons o f  ethyl 
alcohol are added to the system, circulated and drained. 

4 .  Ory nitrogen, heated to 300°F, is then circulated through 
the oil system until mass spectrometer analysis of the effluent 
nitrogen cannot detect any alcohol or water vapor. 

The effectiveness of the above cleaning procedure was tested 
by disassembly o f  the lowest parts of the oil system and inspecting 
for residual fluids. Also, relatively static parts where the oil 
might coke were disassembled and inspected (i.e. the oil drain mani- 
f c ? d  S e l l s ~ s ! -  Nn evidence o f  any puddles or deposits were found in 
any such inspections. In addition, infra-red analysis o f  tne used 
Socony XRM-177F oil did not reveal any traces of the ester-type 
lubricants (Esso 4040  and Sinclair Turbo SI used previously in the 
system. 

6 -  1 
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ENCLOSURE 3 

TEST RIG ASSEMBLY 
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E N C L O S U R E  4 
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E N C L O S U R E  5 
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ENCLOSURE 6 

AM-350 BELLOWS TEST SEAL 

(Oil S i d e )  

' 5/L 

A .  I m p r o v e d  d a m p i n g  d e v i c e  
B .  T h e r m a l  b a r r i e r  
C. M o d i f i e d  e n d  f i t t i n g  r e t e n t i o n  



ENCLOSURE 7 

AM-350 BELLOWS T E S T  SEAL 

(Air  S i d e )  

t \  

A .  I m p r o v e d  d a m p i n g  d e v i c e  
B .  T h e r m a l  b a r r i e r  
C .  M o d i f i e d  e n d  f i t t i n g  r e t e n t i o n  



ENCLOSURE 8 

VISCOSITY -TEMPERATUR E RELATION F O R  C I R C U L A T I N G  OILS 

1 .  E S S O  4040 MIL-L-7808E 
2 .  S i n c l a i r  Turbo S 1048 Improved 
3 .  h i o b i i  XBX: l 7 7 F  
4 .  Monsanto MCS-293 
5 .  DuPont P R  1 4 3  
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ENCLOSURE 9 

V i s c o s i t y  - T e m p e r a t u r e  R e l a t i o n  F o r  Mist  L u b r i c a t i n g  O i l s  

1 .  E s s o  T u r b o  o i l  4 0 4 0  (MIL-L-7808E)  
2 .  U n i o n  C a r b i d e  U C O N  50-HB-5100 
3 .  S u n  O i l  S u n t h e t i c  18H 
4 .  S o c o n y  M o b i l  X R M  1 7 7 F  
5.  H e r c u l e s  H e r c o l u b e  F 
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ENCLOSURE 10 

SUMMARY OF TEST OIL VISC. A N D  
A C I D  N O .  BEFORE A N D  AFTER TEST 

N E W  
D E G A S S E D  

1 2 . 0 5  
0 . 4 4  

O I L  

E S  S O  -40  4 0  V i s c .  @lOO°F(Cs  . I  
A c i d  No. 

V i s c . @ l O O ° F ( C s .  1 
A c i d  No. 

XRM-177F 

V i s c .  @ 1 0 0 0 F ( C s . )  
A c i d  No. 

T u r b o - S  

MCS 2 9 3  V i s c .  @ l O O ° F ( C s . )  
N2 B l a n k e t  A c i d  No. 
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O p e n  Atmos-ACid  N o *  
p h e r e  
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0 . 2 2  

2 4 . 8  
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2 4 . 8  
. 0 . 0 5 5  

IJSED 

1 2 . 3 - 1  2 . 8  
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4 7 1 . 0  
0 . 0 5 5  

3 7 . 4  
0 . 2 2  

2 4 . 9  
0 .055  

26 .5  
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c ENCLOSURE 1 1  

APPEARANCE OF OILS (A)  O R I G I N A U Y ,  (B) AFTER 24 
HOURS AT 500°F, AND ( C )  AFTER 24 HOURS AT 500°F 

CONTAINING 10 WT $ "FREON-ll3" FLUOROCARBON 

O i l  I d e n t i f i c a t i o n :  
Socony 177-F Synthet ic  Hydrocarbon 
Monsanto MCS 293 Polyphenyl E the r  

Herculube F Polyes te r  
Turbo S-1048 Improved Syn the t i c  E s t e r  

1 2 3 4 5 

Du Pont PR 143 Fluorinated Ether  
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S K E T C H  OF TWO 2 KW H E A T E R S  
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B e a r i n g  

3rd s h e a t h  
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ENCLOSURE 13 

S I X T E E N  C H A N N E L  M E R C U R Y  W E T T E D  S L I P  R I N G  - A S S E M B L Y  
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ENCLOSURE 1 4  

BLOCK D I A G R A M  OF THERMOCOUPLE TELEMETRY SYSTEM 
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C A L I B R A T I O N  OF T E L E M E T R Y  T E M P E R A T U R E  S Y S T E M  
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ENCLOSURE 17 
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DAMAGE TO HOT A I R  SYSTEM AFTER ESSO 4040  R U N  

D a m a g e d  : j o t  Air  P i p i n g  
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M e t a l l i c  P o r v d e r  I n  H o t  Ai r  M a n i f o l c  
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R E C I R C U L A T I N G  R I G - A F T E R  E S S O  4040 R U N  
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R I G  SEAL A N D  RUNNER AFTER 6 0 0 0 F  ESSO 
4 0 4 0  R U N  I N  RECIRCULATING R I G  

N o t e  D e t e r i o r a t i o n  o f  S i l i c o n e  R u b b e r  D a m p i n g  S t r i p  
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A I R  S E A L  A N D  R U N N E R  A F T E R  600°F E S S O  
4040 R U N  I N  R E C I R C U L A T I N G  R I G  

N o t e  D a m a g e  t o  C a r b o n  C a u s e d  By M e t a l l i c  O x i d e  
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ENCLOSURE 23 

O I L  S E A L  A N D  R U N N E R  A F T E R  6000F E S S O  
4040  R U N  I N  R E C I R C U L A T I N G  R I G  

I 



ENCLSOURE 24  

T E S T  I N N E R  A N D  O U T E R  RINGS OF F I R S T  600°F ESSO 
4040 F A I L U R E  I N  R E C I R C U L A T I N G  R I G  

N o t e  B e g i n n i n g  o f  S u r f a c e  Distress o n  I n n e r  R i n g  



ENCLOSURE 25 

T E S T  CAGE A N D  BALL OF F I R S T  6 0 0 0 F  ESSO 
4040 FAILURE IN RECIRCULATING R I G  

N o t e  Wear i n  C a g e  P o c k e t s  a n d  L a n d s  
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T E S T  I N N E R  A N D  O U T E R  R I N G S  O F  S E C O N D  600°F E S S O  
4040 F A I L U R E  I N  R E C I R C U L A T I N G  R I G  

N o t e  D i s t r e s s  a n d  Wear D u e  t o  C a g e  C o n t a c t  o n  O u t e r  R i n g  

Wear b a n d  
d u e  t o  c a g e  
c o n t a c t  



ENCLOSURE 27 

T E S T  CAGE A N D  BALLS O F  SECOND 600°F ESSO 4040  
FAILURE I N  RECIRCULATING R I G  

N o t e  Heavy C a g e  Wear a n d  Wear o n  B a l l s  
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TEST I N N E R  A N D  O U T E R  R I N G S  A F T E R  600OF M O B I L  
XRM 1 7 7 F  S C R E E N I N G  T E S T  I N  R E C I R C U L A T I N G  R I G  

N o t e  Good  C o n d i t i o n  W i t h  S l i g h t  C a g e  L a n d  Wear 3 n  O u t e r  R i n g  



ENCLOSURE 29 

T E S T  CAGE A N D  BALLS AFTER 6 0 0 ° F  MOBIL XRM 1 7 7 F  
SCREENING TEST IN RECIRCULATING R I G  - 

N o t e  L i g h t  C a g e  Wear a n d  B a l l s  W i t h  D u l i t i n g  I n t a c t  



ENCLOSURE 30 

O I L  SEAL A N D  RUNNER AFTER 600°F MOBIL XRM 1 7 7 F  
SCREENING TEST IN RECIRCULATING R I G  

N o t e  E v i d e n c e  o f  C o k i n g  O n  S e a l  And D a m a g e  t o  R u n n e r  
( d e p t h  o f  d a m a g e  a b o u t  0 .001")  

c o k e  
d e p o s i  t s 
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R E C I B C U L A T I N G  B I G  A F T E R  6000F S C R E E N I N G  
TEST WETH S I N C L A I R  T U R B O  S 
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R O L L E R  B E A R I N G  A N D  S H A F T  ( W I T H  R O L L E R  B E A R I I V G  I N N E R  R I N G )  
AFTER 6 0 0 O F  S I N C L A I R  T U R B O  S S C R E E N I N G  TEST I N  R E C I R C U L A T I N G  R I G  
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E N C L O S U R E  33 * 
R I G  S E A L  A N D  R U N N E R  A F T E R  6000F S I N C L R I R  T U R B O  S 

S C R E E N I N G  TEST I N  R E C I R C U L A T I N G  R I G  
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O I L  S E A L  A N D  R U N N E R  A F T E R  600OF S I N C L A I R  T U R B O  S 
S C R E E N I N G  TEST I N  R E C I R C U L A T I N G  R I G  
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A I R  S E A L  A N D  R U N N E R  A F T E R  600°F S I N C L A I R  T U R B O  S 
S C R E E N I N G  T E S T  I N  R E C I R C U L A T I N G  R I G  

, c o k e d  i l  



ENCLOSURE 36 

T E S T  INNER A N D  OUTER R I N G S  AFTER 600OF S I N C L A I R  
T I J R R O  S Sc R E N I N G  T E S T  I N  RECIRCULATING R I G  

T h e  M a r k s  a r e  D i s c o l o r a t i o n s  M o s t  L i k e l y  
D u e  t o  O i l  L y i n g  o n  t h e  H o t  S u r f a c e  a s  t h e  

R i g  C o o l e d  A f t e r  S h u t d o w n  



ENCLOSURE 37 - 
T E S T  CAGE A N D  BALLS AFTER 600°F S I N C L A I R  TURBO S 

SCREENING T E S T  I N  RECIRCULATING R I G  

S o t e  t h e  S l i g h t  C a g e  W e a r  a n d  G o o d  A p p e a r a n c e  o f  T n e  a a i i s  
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T E S T  I N N E R  A N D  O U T E R  R I N G S  A F T E R  6 0 0 0 F  F A I L U R E  
I& R E C I R C U L A T I N G  R I G  U S I N G  M O N S A N T O  MCS-293 U N D E R  A N I T R O G E N  B L A N K E T  

N o t e  S e v e r e  D a m a g e  
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TEST C A G E  A N D  B A L L S  A F T E R  600OF F A I L U R E  I N  R E C I R C U L A T I N G  R I G  
U S I N G  M O N S A N T O  M C S - 2 9 3  U N D E R  A N I T R O G E N  B L A N K E T  

N o t e  Severe  Wear i n  Cage P o c k e t s  a n d  O u t e r  
Land a n d  Poor  B a l l  C o n d i t i o n  
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O I L  S E A L  AND R U N N E R  A F T E R  600°F M O N S A N T O  MCS-293 
TIGST U N D E R  NITROGEN B L A N K E T  IN R E C I R C U L A T I N G  B I G  
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E N C I  O S U R E  4 1  

A I R  SEAL A N D  R U N N E R  A F T E R  600°F M O N S A N T O  MCS-293 
T E S T  U N D E R  N I T R O G E N  B L A N K E T  I N  R E C I R C U L A T I N G  R I G  

Marks  o n  I D  01 R u n n e r  A r e  T e m p e r a t u r e  S e n s i t i v e  P a i n t s  
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TEST INNER A N D  OUTER RINGS AFTER 600'F MONSANTO MCS-293 
O P E N  ATMOSPHERE SCREENING TEST I N  R E C I R C U L A T I N G  R I G  

Marks are D i s c o l o r a t i o n s  and Not S u r f a c e  D i s t r e s s  
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T E S T  C A G E  AND B A L L S  A F T E R  6 0 0 0 F  M 0 1  S A N T O  M C S - 2 9 3  
O P E N  A T M O S P H E R E  S C R E E N I N G  T E S T  I N  R E C I R C U L A T I N G  R I G  

N o t e  M o d e r a t e  C a g e  P o c k e t  W e a r  a n d  Good C o n d i t i o n  o f  B a i l s  
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O I L  S E A L  AND R U N N E R  A F T E R  6000F M O N S A N T O  M C S - 2 9 3  
O P E N  A T M O S P H E R E  S C R E E N I N G  TEST I N  R E C I R C U L A T I N G  R I G  

N o t e  S o m e  D i s t r e s s  o n  R u n n e r  
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A I R  S E A L  A N D  R U N N E R  A F T E R  6000F M O N S A N T O  M C S - 2 9 3  
O P E N  A T M O S P H E R E  S C R E E N I N G  T E S T  I N  R E C I R C U L A T I N G  R I G  
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T E S T  INNER A N D  OUTER R I N G S  AFTER F A I L U R E  
I N  M I S T  R I G  U S I N G  ESSO 4040  

Note S e v e r e  L a n d  Wear o n  O u t e r  R i n g  



ENCLOSURE 4 7  

T E S T  CAGE A N D  BALLS A F T E R  F A I L U R E  I N  
THE M I S T  R I G  U S I N G  ESSO 4040 

N o t e  S e v e r e  C a g e  L a n d  W e a r  a n d  C r a c k  i n  R a i l  
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ENCLOSURE 4 8  

P E N - C H A R T  R E C O R D  O F  B E A R I N G  
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ENCLOSURE 49 

OSCILLOSCOPE TRACE OF M A S S  SPECTROMETER 
ANALYSIS OF TEST BEARING CHAMBER ATMOSPHERE 

I N  SCREENING TEST OF MCS-293 I N  A I R  

BENDIX MODEL 12-101A SPECTROMETER 

IONIZATION VOLTAGE, 70 ELECTRON VOLTS 
FLIGHT TUBE P R E S S U R E  A T  S O U R C E  E N D ,  5 x 10-5 T O R R  

N 1 U L i i " r i i E B  VOLTAGE SETTING N O .  4 

M a s s  M o l e c u l a r  
No. Compos i t i o n  

4 4  
4 0  

32  
2 8  

20 
18 

1 4  
1 2  
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ENCLOSURE 50 

SUMMARY OF S C R E E N I N G  TEST RESULTS 

(FULL TEST C O N D I T I O N S ,  EXCEPT WEER6 NOTED) 
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